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ABSTRACT
T h e  f l o t a t i o n  o f  c h r o m i t e  i s  s t u d i e d  a s  a  f u n c t i o n  o f  t h e
C H E M I C A L  C O M P O S I T I O N  AND THE PH.
T h r e e  c o l l e c t o r s  a r e  u s e d ,  d o d e c y l a m i n e ,  a s o d i u m  s u l f o n a t e ,
AND P O T A S S I U M  O L E A T E .
F r o m  c o n s i d e r a t i o n  o f  t h e  e x p e r i m e n t a l  r e s u l t s ,  i t  i s  d e m o n s t r a »
TED THAT DO DEC YL AM IN E  AND SULFO NAT E ARE P H Y S I C A L L Y  AD SO RB E D,  W H I L E
P O T A S S I U M  OLEAT E IS  CHEMI  SORBED ON THE CHROMITE S U R F A C E .
F r o m  a  p r a c t i c a l  s t a n d p o i n t ,  i t  i s  o b s e r v e d  t h a t  c h r o m i t e s
OF D I F F E R E N T  C O M P O S I T I O N S  CAN BE FLO A TE D S E L E C T I V E L Y  ONE FROM ANOTHER.
1)  A n  AM IN E  F L O T A T I O N  I N B A S I C  C I R C U I T  W I L L  D I F F E R E N T I A T E  CH ROM ITES 
ACC ORDING TO T H E I R  IRON AND M AGNESIUM CO NT ENT S.
2 )  A SUL FONATE F L O T A T I O N  IN A C I D  C I R C U I T  W I L L  D I F F E R E N T I A T E  CHROMITES 
ACCORDING TO T H E I R  A L U M IN U M  AND CHROMIUM C O NT EN T S.
3 )  AN OLEATE F L O T A T I O N  IN  B A S I C  C I R C U I T  W I L L  D I F F E R E N T I A T E  CHR OM ITES  
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INTRODUCTION
C h r o m i u m  u s e s ,  r e s e r v e s ,  a n d  s p e c i f i c a t i o n s
A n y  m e t a l l u r g i s t  i s  a w a r e  o f  t h e  i m p o r t a n c e  o f  c h r o m i u m  i n  
THE S T E E L  IN D U S T R Y !  T H I S  METAL  IS  THE MOST COMMON A L L O Y I N G  E L E M E N T .
| N  SM AL L  Q U A N T I T I E S  I T  W I L L  IMPART TO THE METAL TOUGHNESS AND 
R E S I S T A N C E  TO WEAR,  W H I L E ,  IN  H IG HE R CO NT EN T S,  I T  W I L L  Y I E L D  THE 
C O R R O S I O N - R E S I S T A N T  S T E E L  KNOWN AS " S T A I N L E S S "  ( 1 ) .
| N  THE R EL ATE D F I E L D  OF R E F R A C T O R I E S ,  CHROME AND M A G N E S I T E -  
CHROME B R I C K S  ARE G A I N I N G  MUCH I MPO RT AN CE.
S i x t y  p e r c e n t  o f  t h e  c h r o m i u m  e x t r a c t e d  f r o m  t h e  e a r t h  i s
USED FOR S T E E L - M A K I N G ,  W H I L E  THE R E M A I N I N G  IS D I V I D E D  BETWEEN THE 
REFRACTORY AND THE C H E M IC A L  I N D U S T R I E S  ( 2 ) .
N e e d l e s s  t o  s a y ,  t h e  u n i q u e  s o u r c e  o f  c h r o m i u m  i s  t h e  m i n e r a l
" C H R O M I T E * ’ ,  THE C O M P O S I T I O N  OF W HI CH  IS  ( F e O , M g O )  ( A L 2 O 3 / C R 2 O 3 )  . THE 
AC T U A L C O M P O S I T I O N  OF T H I S  M I N E R A L  V A R I E S  W I D E L Y  IN N A T UR E,  S I N C E ,
IN THE L A T T I C E ,  F eO I S  R E P L A C E A B L E  IN  ANY AMOUNT BY MgO, AND S I M I L A R L Y ,
CR 2 O 2  b y  A L 2 O 3 . T h e r e  i s ,  t h u s ,  a c o n t i n u o u s  i s o m o r p h o u s  s e r i e s  r a n g i n g
FROM PURE S P I N E L ,  MGO.AL2O3 ,  TO PURE C H R O M E - S P I N E L ,  FEO.CR2O3 ( 3 , 4 ) .
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U n f o r t u n a t e l y ,  t h e  i n d u s t r i a l  p r o c e s s e s  w i l l  n o t  a b s o r b  j u s t  a n y  
c h r o m i t e .  F or i n s t a n c e ,  t h e  p y r o m e t a l l u r g i s t  w i l l  r e j e c t  a n  o r e  c o n ­
t a i n i n g  LESS THAN 2 . 8 / 1  C r / F E  R A T I O  ( 5 , 6 ) .
I n t h i s  r e s p e c t ,  l e t  u s  c o n s i d e r  b r i e f l y  THE WORLD RESERVES?
THEY ARE E S T I M A T E D  AT 2 . 6 6  B I L L I O N  T ON S ,  2 . 0  B I L L I O N S  OF WH ICH ARE 
LOCATED IN  SOUTH A F R I C A ,  AND 0 . 6  B I L L I O N  IN  SOUTH R H O D E S I A ,  THE RE­
M A I N I N G  B E I N G  D I S P E R S E D  AROUND THE WORLD ( 7 ) .  TH ESE  RESERVES ARE COM­
F ORT ABL E S I N C E  THE PRESENT RATE OF CONSUMPTION IS  5  M I L L I O N  TONS PER 
YEAR ( 8 ) .  | T  MUST BE C O N S I D E R E D ,  THOUGH,  THAT 8 4 $  OF THE TOT AL  RESERVES 
ARE H I G H  IN  IRON C O N T E N T ,  AND THUS REJ ECTED BY THE PRESENT M E T A LL U R ­
G I C A L  PRO CESSES.
T h e  REFRACTORY INDUS TR Y CA L LS  FOR H I G H - A L U M  IN A AND L O W - IR O N  
C H R O M IT E ;  THE S P E C I F I C A T I O N S  ARE AS FOLLOWS? LESS THAN 1 2 $  p E ,  MORE 
THAN 6 C$ CR 2 O3  +  A L 2 0 g >  AND MORE THAN 3 0 $  CR2 O 3 . LESS THAN 1 $  OF THE 
WORLD RESERVES F A L L  IN  T H I S  CAT EGORY.  E V I D E N T L Y ,  A SHORTAGE OF REFRACTO­
RY CHROMITE W I L L  BE MET IN  A R E L A T I V E L Y  NEAR F U T U R E ,  W H I L E  THE M E T A L ­
L U R G I C A L -  GRADE RESERVES SHOULD L A S T  FOR 5 0  TO 1 0 0  Y E A R S .
P r e s e n t l y ,  a  h i g h - i r o n  c h r o m i t e  s e l l s  f o r  l e s s  t h a n  $ 2 0  p e r
LONG TON ,  W H I L E  A M E T A L L U R G I C A L - G R A D E  CHROMITE S E L L S  FOR MORE THAN
$ 3 0  ( 9 ) .  S u c h  a  p r i c e  m a r g i n  m a y  p e r m i t ,  i n  c e r t a i n  c a s e s ,  a n  u p - g r a d i n g
OF THE I N F E R I O R  OR E.
P r e v i o u s  w o r k  o n  c h r o m i t e  b e n e f i c i a t  i o n
C h r o m i t e  h a s  b e e n  b o t h  a b u n d a n t  a n d  i n e x p e n s i v e  t o  d a t e ,  a n d
L I T T L E  A T T E N T I O N  HAS BEEN G I V E N  TO I T S  C O N C E N T R A T IO N .  T HE ORE OCCURS
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I N  LARGE HOMOGENEOUS MASSES THAT P E R M I T  D I R E C T - S H I P P I N G  TO THE CONSUMER.
T h e  o n l y  t r e a t m e n t  g i v e n  i s  a n  o c c a s i o n a l  g r a v i t y  c o n c e n t r a t i o n  t h a t
SEP AR AT ES  THE L I G H T  S E R P E N T I N E  OR S I L I C A T E  GR AI NS  FROM THE CHROMITE ( 1 0 ) .
A. M .  G a u d i n  SUGGESTS THE USE OF SULFONATE IN A C I D  C I R C U I T  TO 
F L O A T  CHROMITE ( 1 1 ) .  AS W I L L  BE SEEN L A T E R ,  T H I S  I S  IN AGREEMENT W I T H  
THE RE SU LTS  OF THE PRESENT I N V E S T I G A T I O N .
S o m e  f l o t a t i o n  e x p e r i m e n t s  h a v e  b e e n  c o n d u c t e d  b y  B a t t y  a n d
OTHERS TO CONCENTRATE CHR OM ITES  OF THE WESTERN U N I T E D  ST A T E S  ( 1 2 ) .  THE 
ORE WAS C O N D I T I O N E D  IN  A C I D  S O L U T I O N  W I T H  SODIUM F L U O R I D E ,  AND O L E I C  
A C I D  WAS USED AS A C O L L E C T O R » THE RE SU LTS  OF THESE TES TS D I D  NOT PROVE 
ENCOURAGING BECAUSE THE IRON CONTENT OF THE PRODUCT WAS TOO H I G H .
O n e  r e c e n t  s t u d y ,  m a d e  b y  Mc S a g h e e r ,  d e s c r i b e s  t h e  e f f e c t s  o f
D I S S O L V E D  C A T I O N S  ON THE F L O T A T I O N  OF CHROMITE AND S E R P E N T I N E  BY S OD IUM
+2 +2 +2 
OLEAT E ( 1 3 ) .  Mg , Ca ,  AND Fe IONS WERE FOUND TO DEPRESS CHROMITE
I N  PRESENCE OF T H I S  C O L L E C T O R ,  W H I L E  THEY HAD NO E F F E C T  ON S E R P E N T I N E .
S t a t e m e n t  o f  t h e  p r o b l e m
P r e v i o u s  w o r k  o n  c h r o m i t e  f l o t a t i o n  h a s  b e e n  d e v o t e d  t o  t h e
E L I M I N A T I O N  OF THE GANGUE M I N E R A L S .  ONE F A C T ,  THOUGH,  HAS BEEN NEG LE CT E D!  
CH ROMITE V A R I E S  W I D E L Y  IN C O M P O S I T I O N ,  SO THAT THE RESU LT S OF E X P E R IM E N T S  
CONDUCTED ON ONE S P E C I F I C  CHROMITE ARE NOT N E C E S S A R I L Y  A P P L I C A B L E  TO 
ANY OTHER C H R O M I T E .
I t  w a s  i n t e n d e d ,  i n  t h i s  t h e s i s ,  t o  d e t e r m i n e  h o w  t h e  c o m p o n e n t s
OF PURE CHROMITE IN F LU EN C E THE F L O T A T I O N .  FROM SUCH A S T U D Y ,  MORE 
I N F O R M A T I O N  WAS G A IN E D  CONCE RNIN G THE F L O T A T I O N  ME CH ANISMS OF COMPLEX
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O X I D E S ,  AND A L S O ,  MORE DATA WAS MADE A V A I L A B L E  FOR S E P A R A T I N G  CHROMITES 
ACCORDING TO T H E I R  C O M P O S I T I O N S .
| T  WAS NOT I NT END ED TO CO NS ID ER  THE S E P A R A T I O N  OF CHROMITE FROM 
I T S  GANGUE M I N E R A L S ,
P u r e  c h r o m i t e  c o m p o n e n t s  o n l y  w e r e  c o n s i d e r e d ,  F e O ,  MgO, Cr 0 „ ,
AND A L g O g *
S o m e  i m p u r i t i e s  w e r e  p r e s e n t  w h i c h  m a y  h a v e  i n f l u e n c e d  t h e
B E H A V IO R  OF THE F L O T A T I O N  SY S T E M .  TH E Y  WERE IN  RANDOM Q U A N T I T I E S ,  THOUGH,  
AND COULD NOT BE R E S P O N S I B L E  FOR THE L I N E A R  R E L A T I O N S H I P S  OBSERVED 
BETWEEN F L O T A T I O N  RECOVERY AND C O M P O S I T I O N .  ON THE OTHER HAN D,  THE 
L A T T I C E  COMPONENTS MUST OBEY SOME S T O I C H I O M E T R I C  P R O P O R T I O N S ,  AND THUS 
MAY BE R E S P O N S I B L E  FOR SOME L I N E A R  R E L A T I O N S H I P S .
O r g a n i z a t i o n  o f  t h e  p r o b l e m
C h e m i c a l  c o m p o s i t i o n  o f  t h e  c h r o m i t e  s p e c i m e n s
To BE c o m p a r a b l e  i n  a s e r i e s  o f  t e s t s ,  s o m e  s p e c i m e n s  w e r e
R E Q UI RE D THAT HAD THE GENERAL C O M P O S I T I O N  OF C H R O M I T E ,  W HIC H I S  REPRE­
SENTED BY THE FORMULAS ( F eO»MgOH C R oCU«AL«Oq) « A C H E M IC A L  A N A L Y S I S
c. o '  c  O ’
OF EACH S P E C I M E N  ON HAND WAS PERFORMED.  THIS REV E A LE D THAT ONE CON­
T A I N E D  A H I G H  AMOUNT OF V A N A D IU M  AND THUS WAS NOT A TRUE C H R O M I T E .  | T  
WAS R E J E C T E D ,  L E A V I N G  8  S P E C I M E N S  THAT WERE A C C E P T A B L E .
C r y s t a l l i n e  s t r u c t u r e  o f  t h e  s p e c i m e n s
Mo r e o v e r ,  t h e  s p e c i m e n s  c o u l d  n o t  b e  c o m p a r e d  u n l e s s  t h e y  h a d
THE SAME U N I T  C E L L .  T H I S  WAS V E R I F I E D  THROUGH X - R A Y  D I F F R A C T I O N  P A T T E R N S .
A l s o ,  t h e  m e a s u r e d  l a t t i c e  p a r a m e t e r s  c o r r e s p o n d e d  t o  t h o s e  a l r e a d y
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OBSERVED FOR THE C H R Q M E - S P I N E L S  ( 1 4 , 1 5 ) .
F L O T A T I O N
T h e  p r o b l e m  w a s  l i m i t e d  t o  d e t e r m i n i n g  t h e  m e c h a n i s m s  o f  a t t a c h ­
m e n t  OF THREE C O LL EC T O R S0, A SOD I U M - A L K Y L - A R Y L  S U L F O N A T E ,  D O D E C Y L A M I N E ,  
AND P O T A S S I U M  O L E A T E . BECAUSE CHRO MITE IS  AN O X I D E ,  THE NATURE OF I T S  
SURFACE IN  WATER IS  DEPENDENT UPON THE p H j  TH ERE FO RE,  THE F L O T A T I O N  
E X P E R IM E N T S  COVERED A PH RANGE FROM 2 TO 1 2 .  A C O N S I S T E N T  R E L A T I O N ­
S H I P  WAS FOUND BETWEEN THE RECOVERY AND T H I S  V A R I A B L E ,
S u r f a c e  p o t e n t i a l  o f  c h r o m i t e
T h e  A D S O R P T I O N  OF A COLLECTOR MOLECULE CAN BE DONE E I T H E R  BY 
E L E C T R O S T A T I C  A T T R A C T I O N  BETWEEN THE S O L I D  SURFACE AND THE M O LE CU LE ,
OR BY C H E M IC A L  R E A C T I O N  OF THE L AT T ER  W I T H  A SURFACE ATOM,
TO I N V E S T I G A T E  ON THE NATURE OF THE C O L L E C T I O N  MEC HANISMS OF 
C H R O M I T E ,  I T  WAS NECESSARY TO DE T E R M IN E  THE SURFACE P O T E N T I A L  AS A 
F U N C T I O N  OF PH» WHENCE,  I T  WAS OBSERVED THAT AD S O R P T IO N  OF SULFONATE 
AND D O DE C YL AM IN E WAS DEPENDENT UPON THE SURFACE CHARGE OF THE S O L I D ,  
W H I L E  O LEA TE  WAS ADSORBED ON A N E G A T I V E L Y  CHARGED S U R F A C E ,  AND ,  
T H E R E F O R E ,  MUST HAVE BEEN CHEMI  S O R B E D .
I n f r a r e d  s p e c t r o s c o p y  m e a s u r e m e n t s
I n ORDER TO a s c e r t a i n  p o s i t i v e l y  t h a t  o l e a t e  WAS C H E M IS O R B E D ,
THE L A T T E R  HAD TO BE DE T ECT ED AT  THE S U R FA C E,  AS A COMPOUND. T H I S  WAS 
E F FE C TE D  BY INFR ARE D SPECTROSCOPY OF THE CHROMITE AND OF THE P O S S I B L E  
O L E A T E S  THAT COULD BE FORMED,  | T  WAS THUS PROVED THAT THE OLEATE WAS 
CH E M IS O R B E D ,
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D i s c u s s i o n  o f  r e s u l t s
T h e  t h r e e  c o l l e c t o r s  t h a t  w e r e  s t u d i e d  f o r m e d  s e p a r a t e  s y s t e m s ]
T H ER EF O RE ,  THEY WERE D I S C U S S E D  I N D I V I D U A L L Y .
1 )  D o d e c y l a m i n e  w a s  p h y s i c a l l y  a d s o r b e d ? t h e  f l o t a t i o n  r e c o v e r y  d e p e n d e d
UPON THE IRON CO NT EN T ,  W H I C H ,  IN  T UR N ,  GOVERNED THE SURFACE P O T E N T I A L  
IN  THE R EG IO N OF A L K A L I N E  PHo
2 )  S o d i u m  s u l f o n a t e  w a s  a l s o  p h y s i c a l l y  a d s o r b e d  a n d  w a s  d e p e n d e n t  u p o n
THE ALUMI NU M CON T EN T .
3) T he o l e a t e  w a s  c h e m i s o r b e d ,  a f i r s t  r e c o v e r y  p e a k ,  a t  pH 7 . 8 ,  b e i n g
DUE TO THE FOR MAT ION OF AL UMINUM O L E A T E ,  AND A SECOND PEA K ,  AT PH
. 1 0 . 5  , B E I N G  DUE TO THE FOR MAT ION OF MAGNESIUM O L E A T E .
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EXPERIMENTAL PROCEDURES
Wa t e r  u s e d
A l l  t h e  w a t e r  u s e d  i n  p r e p a r i n g  t h e  s p e c i m e n s ,  a n d  a l s o
THROUGHOUT THE E X P E R I M E N T S ,  HAD BEEN F I R S T  D I S T I L L E D  AND STORED IN 
A GLASS B O T T L E j  I T  WAS P A R T I A L L Y  D E M I N E R A L I  ZED BY FLO WING  THROUGH A 
2 4 - INCH BED OF AN A M PH O T ER IC  I ON -EX CHA NGE R JUST  BEFORE U S E .  THE TRADE­
NAME OF T H I S  R E S I N  WAS " A M B E R L I T E n .
S p e c i m e n  p r e p a r a t i o n
N i n e  c h r o m i t e s  w e r e  g a t h e r e d  f r o m  d i f f e r e n t  d e p o s i t s . T h e s e  w e r e
INTE NDE D TO BE COMPARED BETWEEN EACH OTHER AS TO T H E I R  F L O A T A B I L I T Y  AND
c o m p o s i t i o n . T h e y  n e e d e d ,  t h u s ,  t o  b e  s i m i l a r  i n  p o i n t s  l i k e  g r a i n  s i z e ,
C R YS TA L  S T R U C T U R E ,  AND H O M O G E N E IT Y .
T h e  M A T E R I A L ,  REDUCED TO M IN US  2 0  MESH,  WAS SCR EE NE D.  THE S I Z E  
F R A C T I O N S  R E T A I N E D  BETWEEN 4 8  AND 6 5  MESH WERE KEPT FOR SURFACE P O T E N T I A L  
MEASUREMENTS,  W H I L E  THOSE R E T A I N E D  BETWEEN 65 AND 100 MESH WERE USED 
IN  THE F L O T A T I O N  E X P E R I M E N T S .
A L I T T L E  M A G N E T IT E  WAS A S S O C I A T E D  W I T H  SOME OF THE S P E C I M E N S ]




T h e n  t h e  s i z e d  s p e c i m e n s  w e r e  c l e a n e d  i n  1 0  M HC l  f o r  o n e  h o u r . 
T h i s  s t e p  w a s  f o l l o w e d  b y  d e c a n t a t i o n ,  a n d  t h e  s o l i d s  w e r e  r e p e a t e d l y
R I N S E D  IN D I S T I L L E D  WA TE R .  THE SAMPLES WERE D R I E D  IN A I R  AT ABOUT 8 0 °  C 
AND STORED I N  PAPER BAGS U N T I L  U S E D .  THE E X P E R IM E N T S  WERE CONDUCTED 
W I T H I N  TWO MONTHS OF T H I S  P R E P A R A T I O N .
C h e m i c a l  a n a l y s i s
T h e  CHROMITE SAMPLES WERE RE Q UI RE D TO COVER A F A I R L Y  WID E RANGE 
OF C O M P O S I T I O N  IN  ORDER TO G I V E  A P P R E C I A B L Y  D I F F E R E N T  F L O A T A B I L I T I E S  
A N D ,  WHENCE,  OB SERVABL E T R E N D S .
We t  c h e m i c a l  a n a l y s e s  w e r e  p e r f o r m e d  a t  t h e  A n a l y t i c a l  L a b o r a t o r y
o f  t h e  C o l o r a d o  S c h o o l  o f  M i n e s  R e s e a r c h  F o u n d a t i o n  t o  d e t e r m i n e  t h e  
+ 2  + 3
f o l l o w i n g ;  F e  ,  F e  ,  M g O ,  A L 2 Q 3 ,  CR 2 O 3 . T h e  v a l u e s  r e p r e s e n t e d  p u r e  
c h r o m i t e  a n d  w e r e  t o  be  u s e d  s u b s e q u e n t l y  i n  t h e  s t u d y .  T h e  a n a l y s e d
SAMPLES WERE R E P R E S E N T A T I V E  F R A C T I O N S  OF THE M I N E R A L S  PREPARED FOR THE 
F L O T A T I O N  E X P E R I M E N T S .
S o m e  o t h e r  d e t e r m i n a t i o n s  w e r e  o b t a i n e d  f r o m  t h e  c o m p a n y  t h a t
F U R N IS H E D  8  OF THE 9  C H R O M I T E S .  S l O g ;  C a O ,  T 1O 2  HA& BEEN D E T ER M IN E D 
BY WET A N A L Y S I S ,  AND B ,  C O ,  C u ,  M N ,  N l ,  S n ,  V ,  AND Z n  BY SPECTROGRAPH IC 
A N A L Y S I S .  THE DEGREE OF HO MOGENEITY  OF THE SP EC IM EN S COULD BE JUDGED 
FROM THE AMOUNTS OF I M P U R I T I E S  C O N T A I N E D .  | T  SHOULD BE TAKEN INTO 
AC CO UN T,  THOUGH,  THAT THESE VA LU ES CORRESPONDED TO THE UNCLEANED BUL K 
MATER I A L S .
X - R A Y  P I F F R A C T O M E T R Y
A F I N A L  V E R I F I C A T I O N  HAD TO BE MADE ON THE SAMPLES BEFORE ANY
T  1 0 9 1 9
E X P E R IM E N T  COULD BE UNDERTAKEN? I T  WAS NECESSARY THAT A L L  THE CHROMITES 
HAD THE SAME C R Y S T A L L I N E  S T RU C TU RE *  O T H E R W IS E *  T O T A L L Y  D I F F E R E N T  SUBS­
TANCES COULD HAVE BEEN COMPARED ON THE A SS UM P T IO N THAT THEY WERE 
S I M I L A R .  X - R A Y  D I F F R A C T I O N  PATTER NS WERE TAKEN U S I N G  THE POWDER METHOD
( 1 6 ) .  F o r  t h i s * r e p r e s e n t a t i v e  f r a c t i o n s  o f  t h e  s a m p l e s  p r e p a r e d  f o r
F L O T A T I O N  WERE GROUND TO M I N U S  3 2 5  MESH IN  AN AGATE MORTAR.  TH ES E
SAMPLES WERE IN SE R T ED  I N  GLASS C A P I L L A R I E S  AND MOUNTED IN A D E B Y E -
SCHERRER CAMERA.  A Cu R A D I A T I O N  WAS U SE D ,  THE X - R A Y  TUBE B E I N G
OPERATED AT 5 0  K v  AND 18 M a ,
F l o t a t i o n  e x p e r i m e n t s
Wh e n  t h e  c h r o m i t e s  w e r e  a s c e r t a i n e d  t o  c o v e r  a  w i d e  c o m p o s i t i o n
RANGE*  AND S T I L L  BE COMPARABLE AS FAR AS OTHER P R O P E R T I E S  WERE CONCER­
NE D ,  THE F L O T A T I O N  TESTS COULD BE DONE.
C e l l
T h e  t e s t s  w e r e  c o n d u c t e d  o n  3 - g m  c h a r g e s  i n  a  m i c r o - f l o t a t i o n
C E L L  S I M I L A R  TO THE ONE D E S C R I B E D  BY C. FU E R S T E N A U  ( 1 7 ) .
(f- 7  CM D i AM M
T e f l o n  c o a t e d  m a g n e t
c m
F r i t t e d  g l a s s  b o t t o m
. A i r  i n l e t
M a g n e t i c  s t i r r e r
F i g u r e  1 3 ,  S c h e m a t i c  d i a g r a m  o f  f l o t a t i o n  c e l l .
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R e a g e n t s
1.  T h e  pH w a s  a d j u s t e d  w i t h  r e a g e n t - g r a d e  HCl a n d  KOH, a n d
MEASURED W I T H  A 0ECKMAN Z E R O M A T I C  I I  P H - M E T E R .
2 .  N - a m y l  a l c o h o l  w a s  u s e d  a s  a  FROTHER i n  s u f f i c i e n t  a m o u n t  t o
PRODUCE FROTH THAT WOULD OVERFLOW FROM THE C E L L .
3 .  T h e  o n l y  t h r e e  c o l l e c t o r s  u s e d  w e r e  a )  a  s o d i u m  - a l k y l - a r y l  
s u l f o n a t e  o f  m »w . 4 5 0 ,  m a d e  b y  S h e l l  O i l  C o . ,  b )  a p u r i f i e d  
DO DEC Y LA M IN E FROM ARMOUR C H E M I C A L S  C o . ,  AND c) A P O T A S S I U M  
OLEA TE  MADE BY THE R E A C T I O N  OF PURE O L E I C  A C I D  W I T H  K0H IN  
ANHYDROUS E T H A N O L .
P r o c e d u r e
1 .  A 3 - g m  s a m p l e  o f  c h r o m i t e  w a s  a g i t a t e d  FOR 3  M I N U T E S  W I T H  
1 0 0  ML OF S O L U T I O N  IN  A 2 5 0  ML B E A K E R .
2 .  T h e  pH w a s  m e a s u r e d .
3 .  T h e  p u l p  w a s  t r a n s f e r r e d  t o  t h e  c e l l  w i t h  a  m a x i m u m  o f  2  m l
OF W A SH -W AT ER .
4 .  A i r  p r e s s u r e  a n d  a g i t a t i o n  w e r e  a d j u s t e d  s o  t h a t  t h e  s o l i d s  
w o u l d  j u s t  r e m a i n  i n  s u s p e n s i o n ,  a n d  t h e  f r o t h  w a s  a l l o w e d
TO OVERFLOW AS LONG AS I T  CONVEYED SOME S O L I D S .
5 .  T h e  f l o a t e d  p o r t i o n  w a s  d r i e d  a n d  w e i g h e d .
S u r f a c e  p o t e n t i a l  m e a s u r e m e n t s
By m e r e l y  e x p r e s s i n g  t h e  f l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  
c o m p o s i t i o n ,  t h e  m e c h a n i s m  o f  t h e  c o l l e c t o r  a d s o r p t i o n  i s  n o t  m ad e
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E V I D E N T ,  AN ION OR A MOLECULE CAN BE ATTACHED TO A S O L I D  SURFACE E I T H E R  
BY E L E C T R O S T A T I C  A T T R A C T I O N  OR BY PRO DUCTION OF A C H E M IC A L  BOND.  I n  
THE CASE OF E L E C T R O S T A T I C  A T T R A C T I O N ,  COMMONLY C AL LE D  P H Y S I C A L  ADSORP­
T I O N ,  THE E L E C T R I C A L  CHARGE ON THE S O L I D  I S  G ENE RAL LY DUE TO THE PR EF E­
R E N T I A L  D I S S O L U T I O N  OF ONE OF THE SURFACE I O N S ,  T H I S  CHARGE IS  LOCATED 
AT THE S U R F A C E ,  WHERE THE EXCESS OF C O - I O N S  IS  FOUND,  AND I T  G I V E S  R I S E
TO AN E L E C T R I C  FIELD WH ICH EXTENDS INTO THE S O L U T I O N .  SOME S O L U T I O N  IONS
OF O P P O S I T E  P O L A R I T Y  ARE CAPTURED BY T H I S  F I E L D  AND ATTACHED TO THE 
S U R F A C E .  T h e  MORE I N T EN SE  THE F I E L D ,  THE MORE IONS ARE C A PT UR ED ,  AND,
I F  THOSE IONS HAPPEN TO HAVE LONG HYDROCARBON C H A I N S ,  THEY RENDER THE 
S O L I D  PA RT LY  HYDROPHOBIC  AND APT TO BE F LOA TED  BY ENTRAPMENT IN  A GAS 
B U B B L E .
T h e  SURFACE P O T E N T I A L ,  OR ZETA P O T E N T I A L ,  IS  A MEASURE OF THE 
E L E C T R I C  F I E L D  I N T E N S I T Y  AT THE S O L I D - L I Q U I D  I N T E R F A C E .  | T  MAY BE 
D E T E R M I N E D  I N D I R E C T L Y  BY THE S T R E A M I N G  P O T E N T I A L  METHOD,  WH ICH IS  A 
MEASURE OF THE EXCESS ION P O P U L A T I O N  NEAR THE S O L I D - L I Q U I D  I N T E R F A C E .
T h i s  m e t h o d  h a s  a l r e a d y  b e e n  d e s c r i b e d  a n d  d i s c u s s e d  e x t e n s i v e l y  ( 1 8 , 1 9 ) ,  
I t  w i l l  m e r e l y  b e  d e s c r i b e d  s c h e m a t i c a l l y  h e r e ,  a n d  a FEW WORDS W I L L  BE
S A I D  ABOUT THE C A L C U L A T I O N S  I N V O L V E D ,
Ce l l
A GRANULAR S P E C I M E N ,  48 X 65 MESH,  WAS CO N T A IN E D  IN  A PYREX T U B E ,
THE ENDS OF W HIC H WERE CLOSED BY F L A T ,  PERFORATED P L A T I N U M  E LE C TR O D E S .
-2
F r o m  a c o n d u c t i v i t y  m e a s u r e m e n t  o f  a 10 M KCl s o l u t i o n ,  t h e  c e l l
T 1091 12
-1
CONSTANT WAS D E T E RM IN ED  TO BE 2 . 8 2 6  CM „THE USE OF P L A T I N I Z E D  P L A T I N U M  
ELE CTRODES M I N I M I Z E D  THE P O L A R I Z A T I O N  E F F E C T S .
E l e c t r o m e t e r
An ELECTROMETER MODEL 2 3 0  MADE BY E - H  RESEARCH L A B O R A T O R I E S  I N C .
16
w a s  u s e d . T h i s  i n s t r u m e n t  h a d  a n  i n p u t  r e s i s t a n c e  o f  1 0  o h m s  i n  t h e
VOLTAGE RANGE BELOW 1 0  V O L T S ,  SO THAT A N E G L I G I B L E  AMOUNT OF E L E C T R I C I T Y  
WAS DRAWN FROM THE C E L L .
I m p e d a n c e  b r i d g e
T h e  r e s i s t a n c e  o f  t h e  c e l l  w a s  m e a s u r e d  w i t h  a c o m b i n e d  a c - d c  
B R I D G E  MADE BY GENERAL R A D I O  CO .S  MODEL 1 6 5 0 - A . CO N T IN U O U S  E L E C T R I C A L  
CURRENT WAS USED AT R E S I S T A N C E S  GREATER THAN 1 MEGOHM, W H I L E  A 1 - K I L O C Y C L E  
S I G N A L  WAS USED TO MEASURE THE IMPEDANCE BELOW 1 MEGOHM. TH ESE  MEASUREMENTS 
WERE TAKEN WHEN THE FLOW THROUGH THE PLUG WAS S T O P P E D .
P H -ME TER
A B e c k m a n  p H ~ m e t e r ,  M o d e l  Z e r o m a t i c  i i ,  w a s  u s e d ,  t h e  pH b e i n g  
AD J U S TE D  W I T H  REAGENT -GR ADE  HCL AND K 0H »
P r o c e d u r e
1 .  F i r s t ,  a l l  t h e  p a r t s  t h a t  co m e  i n t o  c o n t a c t  w i t h  t h e  s o l u t i o n
WERE CLEANED IN 1 0 $  CHROMIC A C I D  AND R I N S E D  THOROUGHLY.
2 .  T h e n  t h e  c e l l  w a s  f i l l e d  w i t h  4 8  x  6 5  m e s h  c h r o m i t e ,  no
COMPACTION B E I N G  M A D E „
3 .  5 5 0  ML OF S O L U T I O N  AT THE D E S I R E D  PH WAS PREPARED AND POURED 
INTO THE A P P A R A T U S .
4 .  T h e  s o l u t i o n  w a s  c i r c u l a t e d  b a c k  a n d  f o r t h  t h r e e  t i m e s  t h r o u g h
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THE S P E C I M E N *  AT  A TOT AL  PRESSURE OF 18  CM H g *  WH ICH CORRES­
PONDED TO A PRESSURE DROP OF 1 3  CM H g  THROUGH THE NON­
COMPACTED c h r o m i t e . B e s i d e s  c o n v e n i e n c e *  t h e r e  w a s  n o  o t h e r
REASON FOR CHOOSING T H I S  P A R T I C U L A R  PRESSURE DROP.
5 .  T h e  p H w a s  m e a s u r e d .
6 .  T h e  i m p e d a n c e  w a s  m e a s u r e d , ,
7 .  T h e  s o l u t i o n  w a s  d r i v e n  t h r o u g h  t h e  p l u g  a n d  t h e  v o l t a g e  
m e a s u r e d .
8 . T h e  s o l u t i o n  w a s  d r i v e n  b a c k  a n d  t h e  v o l t a g e  m e a s u r e d  a g a i n .  
R e d u c t i o n  o f  r e s u l t s
T h e  s t r e a m i n g  p o t e n t i a l  v a l u e s  w e r e  r e d u c e d  t o  z e t a  p o t e n t i a l
VALU ES THROUGH THE USE OF THE F O L LO W IN G  FORMULA ( 1 9 ) s
=  9 . 6 9  x 1 0 4  E A
p
WHERE ^  -  Z ETA  P O T E N T I A L  IN  MV
E «  S T R E A M I N G  P O T E N T I A L  IN  MV
~ I -  1
S P E C I F I C  C O N D U C T I V I T Y  = X T  =  OHMS X CM '
R
CT C E L L  CONSTANT =  2 . 8 2 6  CM“ ^
R MEASURED R E S I S T A N C E  I N  OHMS
P =  PRESSURE DROP ACROSS THE S P E C I M E N  =  13 CM HG

















































































I n f r a r e d  s p e c t r o s c o p y  m e a s u r e m e n t s
F r o m  t h e  s u r f a c e  p o t e n t i a l  s t u d y ,  i t  w a s  f o u n d  t h a t ,  w h i l e
DQDECYLAM1NE AND SULFO NAT E ARE P H Y S I C A L L Y  ADSORBED,  P O T A S S I U M  OLEATE IS  
N O T .  I n ORDER TO A S C E R T A I N  THAT T H I S  COLLECTOR WAS C H E M IS O R B E D ,  A MEANS 
OF D E T E C T I N G  AN OLEATE ON THE CH ROM ITE  SURFACE WAS NEEDED .
T h i s  c o u l d  b e  d o n e  b y  i n f r a r e d  s p e c t r o s c o p y ,  w h i c h  c o n s i s t s  i n
M EA SU R IN G  THE DEGREE OF A B S O R P T IO N  OF L I G H T  BY A S U B S T A N C E ,  AS A F U N C T I O N  
OF W A V E L E N G T H ,  SUCH A MEASUREMENT IS  P O S S I B L E  BECAUSE A MOLECULE HAS 
S P E C I F I C  MODES OF V I B R A T I O N  A N D ,  A C C O R D I N G L Y ,  I T  ABSORBS L I G H T  IN  THE 
SPECTRUM REG IO N S  THAT CORRESPOND TO I T S  E N E R G I E S  OF V I B R A T I O N .
T h e r e f o r e ,  t w o  c h r o m i t e s  w e r e  c o n d i t i o n e d  i n  KOl s o l u t i o n  a n d ,
AF TE R D R Y I N G ,  T H E I R  I NF RAR ED A B S O R P T I O N  SPECTRA WERE T A K E N .  TH ESE  SHOWED 
SOME PEAKS THAT  D I D  NOT APPEAR ON THE SPECTRUM OF A N O T - C O N D I T I O N E D  
C H R O M I T E .  TO I D E N T I F Y  THEM,  SPECTRA OF THE OLE ATES THAT COULD P O S S I B L Y
FORM AT  THE SURFACE BY C H E M I S O R P T I  ON WERE T A K E N .  FOR T H I S ,  OLE AT ES  OF
#2
C r ,  A l ,  M g ,  a n d  F e w e r e  p r e p a r e d  b y  m i x i n g  1 0 0  m l  o f  1 M c h l o r i d e
" 3
S O L U T I O N  W I T H  1 0 0  ML OF 1 0  M KQ L S O L U T I O N ,  AND R A I S I N G  THE PH W IT H  
KON U N T I L  A S T A B L E  P R E C I P I T A T E  A P P E A R E D .  THE L A T T E R  WAS C E N T R I F U G E D ,  
DECANTED AND D R I E D .
S p e c t r o p h o t o m e t e r
A P e r k i n - E l m e r  M o d e l  5 2 1  w a s  u s e d .  T h i s  i n s t r u m e n t  c o v e r e d  a
WAVELENGTH RANGE FROM 2 . 5  TO 4 0  M I C R O N S .
T  1 0 9 1 1 6
S p e c i m e n  p r e p a r a t i o n
T h e  p o w d e r  t o  b e  i n c o r p o r a t e d  w i t h  K B r  a n d  p r e s s e d  i n t o  a p e l l e t  
w a s  p r e p a r e d  b y  g r i n d i n g  t h e  c h r o m i t e  i n  w a t e r  f o r  8  HOURS i n  a n  a g a t e  
m o r t a r  ( 2 0 ) . T h e  r e s u l t a n t  s u s p e n s i o n  w a s  d i l u t e d  t o  2 0 0  m l  a n d
ALLOWED TO S E T T L E  D U R I N G  4  HOURS.  THE S U S P E N S I O N  WAS THEN DECANTED 
C A R E F U L L Y ,  AND THE REAGENTS R E Q UI RE D FOR PROPER C O N D I T I O N I N G  WERE
- 3
a d d e d ;  t h e y  c o n s i s t e d  o f  100  m l  o f  10 M K Q i  s o l u t i o n  a n d  KOH f o r
pH a d j u s t m e n t .  T h i s  s u s p e n s i o n  w a s  a g i t a t e d  f o r  1 h o u r  a n d  c e n t r i f u g e d ;
o
THE S E T T L E D  S O L I D S  WERE D R I E D  AT A TEMPERATURE NOT IN  EXCESS OF 35 C.
T 1091
RESULTS
C h e m i c a l  c o m p o s i t i o n
F e r r i c  a n d  f e r r o u s  i r o n  
T h e  f e r r i c  i r o n  d e t e c t e d  w a s  l e s s  t h a n  0 . 0 1 $ j a l l  t h e  i r o n  p r e s e n t
IN THE CH RO M ITE S  WAS THUS B I V A L E N T  AND O C CU PI ED  T ETR AH ED R AL S I T E S  IN  
THE CRYSTAL-.
8 R0N°°MA6N£S I UM AND CHROM 8 UN -  ALUM 8 NUN R E L A T I O N S H I P S
TH E T E TR AH ED R AL  AND OC TAHEDRAL S I T E S  WERE THUS O C C U P IE D  R E S P E C T I ­
V E L Y  BY ONLY TWO ATOMS E A C H ,  WH IC H HAD TO BE IN  L I N E A R  R E L A T I O N S H I P .
T h i s  w a s  e f f e c t i v e l y  v e r i f i e d  b y  t h e  a n a l y s i s  r e s u l t s  ( F i g .  3 , 4 ) .
R a n g e  o f  c o m p o s i t i o n  c o v e r e d
T h e  c h r o m i u m  o x i d e  c o n t e n t  v a r i e d  f r o m  4 4 $  t o  5 7 $ ,  a n d  t h e  i r o n  
c o n t e n t  v a r i e d  f r o m  1 3  t o  2 8  $ „  T h i s  w a s  c o n s i d e r e d  a s  a  r a n g e  w i d e
ENOUGH TO SHOW ANY S I G N I F I C A N T  COMPOS 8 T 5 ON—F L O T A T I  ON R E L A T I O N S H I P .
T h e  a n a l y s i s  v a l u e s  o f  t h e  l a t t i c e  c o m p o n e n t s  a r e  s h o w n  i n  T a b l e  1 .  
I m p u r i t i e s
I n  o n e  o f  t h e  9  c h r o m i t e s  t h a t  w e r e  a n a l y z e d ,  t h e  C r ^ ^  c o n t e n t
17
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WAS FOUND TO BE ONLY 9 $ ,  W H I L E  A H I G H  AMOUNT OF V A N A D IU M  WAS O B S E R V E D »
T h i s  m a t e r i a l  w a s  e v i d e n t l y  a n  i m p u r e  c h r o m i t e  a n d  w a s  t h u s  r e j e c t e d *
T a b l e  2  l i s t s  t h e  i m p u r i t i e s  c o n t a i n e d  i n  t h e  b u l k  o f  t h e  m a t e r i a l ,
THAT IS  BEFORE S C R E E N I N G  AND REMOVAL OF THE M A G N E T I T E *  S l O ^  IS  THE 
M A I N  I M P U R I T Y ,  AND T H I S  MUST BE IN  THE FORM OF I N C L U S I O N S ,  WHICH 
L I M I T S  I T S  P O S S I B L E  IN F LU E N C E  ON F L O T A T I O N .
A D E T A I L E D  COMPARISON OF THE F L O T A T I O N  R ESU LTS  W I T H  THE AMOUNTS 
OF I M P U R I T I E S  PRESENT M I G H T  HAVE SHOWN SOME R E L A T I O N S H I P S .  TH E S E  WOULD 
NOT HAVE BEEN C H A R A C T E R I S T I C  OF C H R O M I T E ,  THOUGH,  AND HAVE BEEN 
OVERLOOKED *
C o m p o s i t i o n  i n  e q u i v a l e n t
T h e  F e ,  Mg , Cr ,  a n d  A l  c o n t e n t s  w e r e  f i r s t  r e d u c e d  t o  1 0 0 $ ,
N E G L E C T I N G  THE I M P U R I T I E S  A N D ,  A D M I T T E D L Y ,  IN T R O D U C IN G  AN ERROR OF 
A FEW PERCENTS FROM ONE CHRO MITE  TO ANOTHER*  T H E N ,  S I N C E  THE C H E M IC A L  
A C T I V I T Y  I S  PR O P O R T IO N A L TO THE E Q U I V A L E N T  C O N C E N T R A T IO N ,  THESE VALU ES 
WERE CORRECTED TO EXPRESS THE C O M P O S I T I O N  I N $  E Q U I V A L E N T  I N S T E A D  OF
$  w e i g h t  ( T a b l e  3 ) *  C o n t e n t s  i n  $  e q u i v a l e n t  o f  c a t i o n s  w e r e  u s e d
THROUGHOUT THE STUDY *
T 1091 19
T a b l e  1 .  C o m p o s i t i o n  o f  c h r o m i t e s ,  $  w e i g h t .
OX IDE
C h r o m i t e  n o .
1 2 3 4 5 6 7 8
Cr2 ° 3
4 7  <, 6 5 0 . 8 5 3 . 9 4 4 . 5 4 9 . 7 5 1 . 3 5 7 . 0 5 3 . 5
A l 2 ° 3
1 1 03 12 07 11 . 2 1 4 . 8 1 3 . 9 1 3 . 3 1 1 . 6 1 2 . 4
F eO 2 5 , 7 1 4 . 4 2 1 . 1 2 8 . 4 1 6 . 6 1 3 . 3 1 6 . 3 1 8 . 8
N gO 9 . 8 1 3 . 4 1 1 . 2 8 07 1 4 . 0 1 4 . 3 1 2 . 6 1 0 . 4
T o t a l  $ 9 4 . 4 91 . 3 9 7 . 4 9 6 . 4 9 4 . 2 9 2 . 2 9 7 . 5 9 5 . 1
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T a b l e  2 *  I m p u r i t i e s  i n  t h e  c h r o m i t e s ^ $  w e i g h t * *
1MPURITY Ch r o m i t e NO .
1 2 3 4 5 6 7 8
S i O^ 2 . 3 6 4 . 8 4 0 * 4 8 0 * 4 5  • 0 * 2 3 4 * 7 3 0 * 7 5 1 * 4 2
CaO 0 * 2 7 0 * 4 9 0 * 0 3 0 .11 0 * 0 9 0 . 5 3 0 * 1 6 0 . 1 7
T , Q 2 0 * 2 0 0 . 1 8 0 * 4 7 0 . 5 9 0 * 5 9 0 * 1 8 0 . 3 0 0 . 3 4
B * 0 0 1 -
.01
— . 0 0 2 -
*02
-  — — -
Co . 0 4 - . 0 4 - . 1- *04= * 0 4 - * 0 3 - .0 4 - * 0 4 -
o4 *4 1 * . 4 *4 *3 *4 *4
Cu . 0 0 1 - * 0 0 1 - * 0 0 0 4 - . 001 - * 0 0 1 - * 0 0 1 - . 0 0 3 - . 0 0 4 -
oOl .01 * 004 ,01 .01 *01 . 0 3 . 0 4
Mn * 2 - . 1- . 1- . 0 4 = * 0 4 - * 1 - * 0 4 - * 0 4 -
2 . 1 . 1 * .4 *4 1 * . 4 .4
! N i
i
. 1-1 * . 1 - 1 * . 1 - 1 . . 1- 1 . . 1 - 1 * . 1 - 1  * . 1 - 1 * . 1 - 1 *




o * 0 0 4 — 
*04
V . 1- 1 . * 0 3 - * 3 . 0 3 - . 3 * 1 -1  * . 1- 1 . . 0 3 - *  ■: * 0 4 - * 4 . 1- 1 .
Z n . 0 1 - . 1 . 0 1 - . 1 . 0 3 - * 3 * 0 2 - * 2 * 0 2 - . 2 !
.......
. 0 1 - . 1 . 0 1 - . 1 . 0 1 - . 1
*  S i 0 2 >Ca 0 j T i 0 2  b y  w e t  a n a l y s i s ;  a l l  o t h e r  v a l u e s  b y  s p e c t r o g r a p h i c
A N A L Y S I S  *
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T a b l e  3 .  C o m p o s i t i o n  o f  c h r o m i t e s  i n  % e q u i v a l e n t  o f  Cr * A l ,  F e ? Mg .
, , . . . . . . .
C a t  i o n
CHRON 5 TE NO.
1 2 3 4 5 6 7 8
C r 5 0 . 1 5 2 . 6 5 4 . 1 4 5 . 7 4 9 . 9 5 2 . 2 5 6 . 1 5 4 . 4
A l 1 7 . 8 1 9 . 5 1 6 . 8 2 2 . 7 2 0 . 7 2 0 . 1 1 7 . 1 1 8 . 9
F e 1 9 . 0 1 0 . 5 1 5 . 0 2 0 . 5 1 1 . 8 9 . 5 1 1 . 3 1 3 . 5
Mg 1 3 . 0 1 7 . 4 1 4 . 1 1 1 . 2 1 7 . 7 1 8 . 3 1 5 . 5 1 3 . 3
T o t a l  % 9 9 . 9 1 0 0 . 0 1 0 0 . 0  
i ..........  __




































10 2 14 16
P e r c e n t  i r o n  e q u i v a l e n t
20
F i g u r e  3 0 C o m p o s i t i o n  o f  c h r o m i t e  s p e c i m e n s ^  r e l a t i o n s h i p  b e t w e e n



































4 6 4 8 5 0
P e r c e n t  c h r o m i u m  e q u i v a l e n t
F i g u r e  4 .  C o m p o s i t i o n  o f  c h r o m i t e  s p e c i m e n s ? r e l a t i o n s h i p  b e t w e e n  
a l u m i n u m  a n d  c h r o m i u m  c o n t e n t s .
T 1091 2 4
X - R A Y  D I F F R A C T I O N  PATTERNS
T h e  x =»r a y  d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  f r o m  t h e  s t u d i e d  s p e c i m e n s
WERE COMPARED IN F l G .  5» ! t  IS  OBSERVED THAT THE L I N E S  C O I N C I D E  AND 
THEREFORE A L L  THE S P E C I M E N S  HAVE THE SAME U N I T  C E L L .
THE L A T T I C E  PARAMETERS WERE CA LC UL AT ED  FROM THE THREE P R I N C I P A L
l i n e s  ( T a b l e  4 ) ,  a n d  t h e y  c o i n c i d e  w i t h  t h e  p u b l i s h e d  v a l u e s  f o r  
CHROMITE ( 1 4 , 1 5 ) .
T a b l e  4 .  L a t t i c e  p a r a m e t e r s  o f  t h e  c h r o m i t e  s p e c i m e n s .
----------------- ---------
P l a n e
h k l
C h r o m i t e  n o .
1 2 3 4 5 6 7 8
4 4 0 8 . 3 8 8 . 3 8 8 . 3 2 8 . 3 7 8 . 3 1 8 . 3 7 8 . 3 7 8 . 3 7
8 4 0 8 . 3 6 8 . 3 8 8 . 3 7 8 . 3 9 8 . 3 5 8 . 3 9 8 . 3 9 8 , 3 5
3 56 8 . 3 7 8 . 3 7 8 . 3 2 8 . 3 6 8 . 3 4 8 . 3 6 8 . 3 7 8 . 3 7
*  T h r e e  p r i n c i p a l  r e f l e c t i o n s  o b s e r v e d  i n  t h e  x - r a y  d i f f r a c t i o n  p a t t e r n s .
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F i g u r e  n o . 5  X - r a y  d i f f r a c t i o n  p a t t e r n s  o f  c h r o m i t e  s p e c i m e n s .
No.  1
No.  2
N o.  3






F l o t a t i o n  r e s u l t s
S u m m a r y  o f  f l o t a t i o n  e x p e r i m e n t s
T h e  f l o a t a b i l i t y  o f  c h r o m i t e  w a s  s t u d i e d  a g a i n s t  t w o  i n d e p e n d e n t
V A R I A B L E S ,  THE L A T T I C E  C O M P O S I T I O N  AND THE PH OF THE F L O T A T I O N  S Y S T E M .
ALL THE OTHER FACTORS WERE KE PT  C O NS T AN T ,  AS TEMPERATURE ( 2 4 . 5 ° C  ^ 1 ° ) ,
- 4
COLLECTOR CO NC EN T RA T IO N ( 1 0  M ) ,  C O N D I T I O N I N G  T I M E  ( 3  M I n ) ,  W E IG H T  OF 
I N I T I A L  CHARGE ( 3  G m ) ,  AND I N I T I A L  PULP D E N S I T Y  ( 3 $  BY W E I G H T ) .
T h e  THREE COLLECTORS THAT WERE U S E D ,  D O D E C Y L A M I N E ,  SODI UM  
S U L F O N A T E ,  AND P O T A S S I U M  O L E A T E ,  GAVE THREE D I F F E R E N T  F L O T A T I O N  
SYSTEMS THAT WERE S T U D I E D  S E P A R A T E L Y .
F L O A T A B I L  8 TY
T h e  A B I L I T Y  OF A CHROMITE TO F LO AT  IN  G I V E N  C O N D I T I O N S  WAS 
EXPRESSED AS THE F R A C T I O N  ( # )  OF THE I N I T I A L  CHARGE THAT WAS TRANS­
PORTED OUT OF THE C E L L  BY THE F R O T H |  T H I S  WAS NAMED " F L O T A T I O N  RECOVERY
E v e n  i f  a l l  t h e  c h r o m i t e  g r a i n s  i n  t h e  c h a r g e  h a d  t h e  s a m e
C O M P O S I T I O N ,  AND THEREFORE THE SAME SURFACE P R O P E R T I E S ,  THEY S T I L L  
V A R I E D  U N IF O R M L Y  IN  S I Z E  FROM 6 5  TO 1 0 0  MESH.  AND S I N C E  SMALLER G R A I N S  
ARE FLO AT ED  MORE E A S I L Y  THAN B IG G E R  ONE S,  THE MORE ADVERSE F L O T A T I O N  
C O N D I T I O N S  WERE R E F LE C TE D BY THE F L O T A T I O N  OF THE SMA LL ER G R A I N S  O N L Y ,  
W H I L E  IN O PT IM UM  C O N D I T I O N S  EVEN THE B I G G ER  G R A I N S  WERE F L O A T E D «
R e s u l t s
T h e  R ES U LT S WERE EXPRESSED I N  THE FORM OF GR APHS,  IN TERMS OF 
F L O T A T I O N  RECOVERY ( $ )  AS A F U N C T I O N  OF pH, FOR A G I V E N  CHROMITE AND 





























F L O T A T I O N  pH
F i g u r e  6» F l o t a t i o n  r e c o v e r y  o f  c h r o m i t e  n o ,  1 a s  a f u n c t i o n








F l o t a t i o n  p H
F i g u r e  7o F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o . 2,





























F l o t a t i o n  p H
F i g u r e  8 . F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH, c h r o m i t e  n o .  3 ,






















2 4 6 8
F l o t a t i o n  pH
F i g u r e  9 ,  F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H ,  c h r o m i t e  n o 0





























F l o t a t i o n  p H
F i g u r e  10 . F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H, c h r o m i t e  n o .





























F l o t a t i o n  p H
F ig u r e  1 1 „ F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H ,  c h r o m i t e  n o „  6 ,




























2 4 6 8
F l o t a t i o n  p H
F i g u r e  12 . F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  p H > c h r o m i t e  n o .  79




























2 4 6 10 128
F l q t a t j o n  pH


























F l o t a t i o n  pH
F i g u r e  1 4 „  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH, c h r o m i t e  n o . 1 ,
























0) \--------- 1_________i___„__  i_________ t_________ i---------1---------1--------- /--------- 1---------
2  4  6  8 1 0  12
F l o t a t i o n  p H
F i g u r e  1 5 c F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH, c h r o m i t e  n o * 2 ,



























2 124 6 108
F l o t a t i o n  p H
F i g u r e  1 6 .  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  p H ,  c h r o m i t e  n o .  3,



























F l o t a t i o n  p H
F i g u r e  F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o . 4 ,























F l o t a t i o n  p H
F i g u r e  18 .  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH^ c h r o m i t e  n o 0 5 ,






















2 126 104 8
F l o t a t i o n  pH
F i g u r e  19 . F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o . 6 ,




























2 4 6  8 1 0  12
F l o t a t i o n  p H
F i g u r e  2 0 ,  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH, c h r o m i t e  n o , 7 ,





























2 6 10 1284
F l o t a t i o n  p H
F i g u r e  2 1 0 F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  p H, c h r o m i t e  n o .  8 ,A '




























2  4  6  8 1 0  12
F l o t a t i o n  p H
F i g u r e  22o F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H ,  c h r o m i t e  n o . 1



























F l o t a t i o n  p H
F i g u r e  2 3 .  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  p H ,  c h r o m i t e  n o .  2 ,





















2 64 1 0 1 28
F l o t a t i o n  pH
F i g u r e  2 4 . F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o .  3 ,

























2 1 24 6 1 08
F l o t a t i o n  pH
F i g u r e  2 5 . F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o . 4 ,






















2 6 1 24 8
F l o t a t i o n  pH
F i g u r e  2 6 ,  F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  pH, c h r o m i t e  n o . 5 ,

























2 4 6 8 1 0 1 2
F l o t a t i o n  pH
F i g u r e  2 7 . F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H ,  c h r o m i t e  n o . 6 ,


























F l o t a t i o n  p H
F i g u r e  2 8 .  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  pH, c h r o m i t e  n o .  7 ,




























1 22 6 1 04 8
F l o t a t i o n  p H
F i g u r e  2 9 .  F l o t a t i o n  r e c o v e r y  a s  a  f u n c t i o n  o f  p H ,  c h r o m i t e  n o . 8 ,
1 Q " 4  M p o t a s s i u m  o l e a t e .
T 1091 51
S u r f a c e  p o t e n t i a l  r e s u l t s
T h e  p o t e n t i a l  v a l u e s  o b t a i n e d  f r o m  t h e  s t r e a m i n g  p o t e n t i a l
MEASUREMENTS WERE REDUCED TO ZETA P O T E N T I A L  V A L U E S9 WH IC H ARE EXPRESSED  
IN  THE FORM OF GRAPHS IN  TERMS OF ZETA P O T E N T I A L  AS A F U N C T I O N  OF PH,  



























2  4 6 8 10 12
S o l u t i o n  p H


























1 22 1 06 8
S o l u t i o n  p H




























1 21 06 84
S o l u t i o n  p H




























2  4  6  8  1 0  12
S o l u t i o n  p H

























2 1 0 1 264 8
S o l u t i o n  p H




























S o l u t i o n  p H
F i g u r e  3 5 * Z e t a  p o t e n t i a l  o f  c h r o m i t e  n o . 6 a s  a  f u n c t i o n  o f  pH.
T 1091 58
- 5 0  












6  8  
S o l u t i o n  p H
1 0 12

















4 0  -
3 0  -
2 0  -
+ 3 0
2 1 24 6 8 1 0
S o l u t i o n  p H
F i g u r e  3 7 .  Z e t a  p o t e n t i a l  o f  c h r o m i t e  n o . 8  a s  a f u n c t i o n  o f  p H.
T 1091 60
I n f r a r e d  s p e c t r a
F o l l o w i n g  t h e  f l o t a t i o n  t e s t s  a n d  t h e  s u r f a c e  p o t e n t i a l  m e a s u r e ­
m e n t s ,  THE I NF RAR ED SPECTROSCOPY STUDY WAS MADE TO A S C E R T A I N  THE 
PRESENCE OF OLEATE AT THE CHROMITE S U R F A C E ,  AND THUS DEMONSTRATE THAT 
THE LATTER WAS C H E M IS O R B E D .
S u m m a r y  o f  e x p e r i m e n t s
T h e  f o l l o w i n g  s p e c t r a  w e r e  r e p r o d u c e d  i n  F i g . 3 8  t o  4 5 ;
- 3
1* C h r o m i t e  n o .  3 c o n d i t i o n e d  w i t h  10 M KOl a t  p H 7 . 6  ( F i g .  3 8 ) .
" 3
2 .  C h r o m i t e  n o .  3 c o n d i t i o n e d  w i t h  10 M K O l  a t  p H  1 0 . 5  ( F i g .  3 9 ) .
o
3 .  C h r o m i t e  n o .  4 c o n d i t i o n e d  w i t h  10”  M K O l  a t  p H 1 0 . 0  ( F i g .  4 0 ) .
4 .  A l u m i n u m  o l e a t e  ( F i g . 4 1 ) .
5 .  C h r o m i u m  o l e a t e  ( F i g . 4 2 ) .
6 . M a g n e s i u m  o l e a t e  ( F i g .  4 3 ) .
7 .  F e r r o u s  o l e a t e  ( F i g .  4 4 ) .
8 . C h r o m i t e  n o .3 n o t  c o n d i t i o n e d  w i t h  o l e a t e  ( F i g .  4 5 ) .
R e s u l t s
F r o m  t h e s e  s p e c t r a  i t  w a s  f o u n d  t h a t  t h e  c h r o m i t e s ,  a s  c o n d i t i o n e d
W I T H  O L E A T E ,  HAD THE F OL LOW ING  A B S O R P T IO N  PEAKSJ
- 1
C h r o m i t e  n o .  3 ,  pH....7 . 6 . . . . . . . . . . . . . . . . . . . . . . . . .............. 1615  cm
C h r o m i t e  n o .  3 ,  p H 1 0 . 5 . . . . . . . . . . . . . • • • • • • • • • . . . . . .  1 63 0  cm
C h r o m i t e  n o .  4 ,  p H 1 0 . 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 620  cm“ ^
w h i l e  t h e  o l e a t e s  g a v e  t h e  f o l l o w i n g  c h a r a c t e r i s t i c  p e a k s s
- 1
A l u m i n u m  o l e a t e . . . . . . . ...................................................................................... . 1 6 1 5  c m
T 1 0 9 1 61
C h r o m i u m  o l e a t e    1 6 2 0  cm
- 1
M a g n e s i u m  o l e a t e ..................................   . ..................................................1 6 3 0  c m
F e r r o u s  o l e a t e    1 5 9 5  cm~^
I t  o b s e r v e d  f r o m  F i g .  4 5  t h a t  t h e  c h r o m i t e  i t s e l f  d o e s  n o t  i n t e r f e r e














Wa v e l e n g t h  ( m i c r o n s )
6
. 1 .... j - l
1 8 0 0  1 7 0 0  1 6 0 0  1 5 0 0  1 4 0 0  1 3 (
F r e q u e n c y  ( c m ” ^ )
~ 3
3 8 .  I n f r a r e d  s p e c t r u m  o f  c h r o m i t e  n o . 3  c o n d i t i o n e d  w i t h  1 0  M













Wa v e l e n g t h  ( m i c r o n s )
1 7001 80 0 1 50 01 6 0 0 1 4 0 0
F r e q u e n c y  ( c m “ ^ )
_ 3
I n f r a r e d  s p e c t r u m  o f  c h r o m i t e  n o .  3 c o n d i t i o n e d  w i t h  10  M 












Wa v e l e n g t h  ( m i c r o n s )
6  7
 I i I i I i I i L_
1 8 0 0  1 7 0 0  1 6 0 0  1 5 0 0  1 4 0 0
F r e q u e n c y  ( c m - 1 )
- 3
I n f r a r e d  s p e c t r u m  o f  c h r o m i t e  n o . 4  c o n d i t i o n e d  w i t h  1 0  M
















T  1 0 9 1 6 5








1 7 0 01 8 0 0 1 6 0 0 1 5 0 0 1 4 0 0 1 3 0 0
4
F r e q u e n c y  ( c m "  )  
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F r e q u e n c y  ( c m ~ ^ )












Wa v e l e n g t h  ( m i c r o n s )
p  1
I .I I I I 1 1 l l I I 1 I I l I I i
F r e q u e n c y  ( c m ”  )

















T 1091 6 8









1 8 0 0 1 7 0 0 1 6 0 0 1 5 0 0 1 4 0 0 1 3 0 0
F r e q u e n c y  ( c m “ ^ )  
















T  1 0 9 1 6 9
Wa v e l e n g t h  ( m i c r o n s )
6 . . 7  
1 0 0 1 - — I---------1--------- 1_____I____ I____ I____ i____ i l I I i I L
1 8 0 0  1 7 0 0  1 6 0 0  1 5 0 0  1 4 0 0  1 3 0 0
F r e q u e n c y  ( c m  ^ )
F i g u r e  4 5 .  I n f r a r e d  s p e c t r u m  o f  c h r o m i t e  n o . 3  n o t  c o n d i t i o n e d  w i t h  
p o t a s s i u m  o l e a t e .
T  1 0 9 1
P O D E C Y L A M I N E  AS A COLLECTOR FOR CHROMITE
P h y s i c a l  a d s o r p t i o n  o f  d o p e c y l a m i n e
F l o t a t i o n  o f  c h r o m i t e  w i t h  d o d e c y l a m i n e  i s  i n  c l o s e  r e l a t i o n s h i p
W I T H  THE ZETA P O T E N T I A L S  AS THE SURFACE OF THE S O L I D  BECOMES MORE 
N E G A T I V E ,  BY R A I S I N G  THE P H ,  THE F L O T A T I O N  RECOVERY R A I S E S  AC CO RD IN G LY
( F i g .  4 6 , 4 7 ) .  T h i s  i s  e x p l a i n e d  b y  t h e  f a c t  t h a t  d o d e c y l a m i n e  r e a c t s
W I T H  WATER ACC ORDING TO THE F O L LO W IN G  E Q U I L I B R I U M S
C12H2 5 NH2 +  H2 °  C12H2 5 NH3 +  0H~ pKb =  3 *37
+
T h e  a m i n i u m  i o n  C ,0 Ho k NH0 i s  p h y s i c a l l y  a d s o r b e d  b y  t h e  n e g a t i v e  
12 25 3
SURFACE OF t h e  c h r o m i t e .
F o r m a t i o n  o f  a m i n e  c o m p l e x e s
A t  h i g h  p H ,  t h e  c o n c e n t r a t i o n  o f  a m i n i u m  i o n s  b e c o m e s  n e g l i g i b l y
S M A L L ,  AND ALSO THE ZETA P O T E N T I A L  BECOMES LESS N E G A T I V E .  | T  I S  OBSERVER 
THOUGH,  THAT 5  CH ROM ITES OUT OF 8  HAVE A GREATER FLOA TAB I L I T Y  TOWARDS
p H 1 2 . T h i s  i s  i n  a g r e e m e n t  w i t h  a s t a t e m e n t  m ad e  b y  A . M. G a u d i n ,
7 0
T 1091 71
SU G G E S T I N G  THE F O R M AT IO N  OF AMI NE COMPLEXES AT H I G H  PH ( 2 1 ) .  
F l o a t a b i l i t y  AND IRON CONTENT
S i n c e  t h e  s o l u b i l i t y  o f  t h e  m i n e r a l  c o m p o n e n t s  v a r i e s  w i t h  pH,
THERE SHOULD ALSO E X I S T  A R E L A T I O N S H I P  BETWEEN THE F L O T A T I O N  RECOVERY 
AND THE M I N E R A L  C O M P O S I T I O N .  | N  F A C T ,  SUCH A R E L A T I O N S H I P  I S  OBSERVED 
W I T H  THE IRON CO NTENT!  AT A G I V E N  PH, THE CHROMITES W I T H  A H IGHER IRON 
CONTENT F L O A T  MORE R E A D I L Y  THAN THOSE W I T H  A LOWER ON E .  T H I S  IS  I L L U S ­
TRATED i n  F i g . 4 8 ,  w h e r e  t h e  f l o t a t i o n  r e c o v e r y  i s  s h o w n  a s  a f u n c t i o n
OF THE IRON C O N T E N T .
In  f a c t ,  f o r  a g i v e n  pH v a l u e ,  t h e  s u r f a c e  p o t e n t i a l  o f  c h r o m i t e
BECOMES MORE N E G A T I V E  AS THE IRON CONTENT INCREASES ( F l G .  4 9 ) .  NEC ES­
S A R I L Y ,  THE REVERSE I S  TRUE FOR M A G N E S I U M .  T H U S ,  THE SURFACE P O T E N T I A L
4 -P


























C h r o m i t e  no
+20
























C h r o m i t e  n o . 4
+20
pH
F i g u r e  4 6 .  F l o t a t i o n  r e c o v e r y  ( $ )  a n d  z e t a  p o t e n t i a l  a s  
OF PHj 10 M D O D E C Y L A M I N E j  CHROMITES NO.  1 -4
F l o t a t i o n  r e c o v e r y  --------------------------
Z e t a  p o t e n t i a l  -------------------------------------






















































F l o t a t i o n  r e c o v e r y  (% ) a n d  z e t a  p o t e n t i a l  a s  a f u n c t i o n  o f  
PH| 10 M D O D E C Y L A M I N E ,  CHR OM ITES  NO.  5 - 8 .
F l o t a t i o n  r e c o v e r y  — -------------------------
Z e t a  p o t e n t i a l  —  —  —  — --------















$  I RON E Q U I V A L E N T
1 0 0













I RON E Q U I V A L E N T
1 0 0













$  I RON E Q U I V A L E N T
F i g u r e  4 8 .  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  $  i r o n  e q u i v a l e n t  i n  
c h r o m i t e s !  1 0  M d o d e c y l a m i n e .
T  1 0 9 1 7 5





























$  I RON E Q U I V A L E N T
R e l a t i o n s h i p  b e t w e e n  z e t a  p o t e n t i a l  a n d  % i r o n  e q u i v a l e n t
I N  C H R O M I T E S .
T 1091 76
S o d i u m  s u l f o n a t e  a s  a  c o l l e c t o r  f o r  c h r o m i t e
T h e  RS Og i o n  i s  p h y s i c a l l y  a d s o r b e d  w h e n  t h e  s u r f a c e  o f  c h r o m i t e  
I S  P O S I T I V E |  T H I S  HAPPENS AT LOW PH, AS CAN BE OBSERVED IN F l G .  5 0 .
N e v e r t h e l e s s ,  i m p o r t a n t  f l o t a t i o n  r e c o v e r i e s  a r e  o b s e r v e d  w h e n
THE SURFACE IS  N E G A T I V E .  I F  T H I S  IS TO BE E X P L A I N E D  BY PURELY E LE CTR O­
S T A T I C  A T T R A C T I O N ,  A P O S I T I V E  SUL FONATE ION MUST BE FORMED.  SUCH A 
PROCESS HAS BEEN AL R EAD Y PROPOSED BY M .  C. FU E R S T E N A U  ( 2 2 , 2 3 ) .
| N  THE CASE OF C H R O M I T E ,  I T  APPEARS THAT AN ALUM I N U M - H Y D R O X Y -  
SUL FONATE M I G H T  BE FORMED IN THE SO LUTIONS
+ 3  — 3
A lo0 , , +  H „0  — *> A l . 6Ho0 +  ( c h r o m i t e ) "
2  3 ( l a t t  i c e )  2  2
+2
A l (OH) +  2RS0“ ^ = ^  A l ( 0 H ) ( R S 0 J ~
O 3  ^ A Q .
T h e  c o m p l e x  A l (O H ) ( R S O g ) ^  w o u l d  b e  a d s o r b e d  a r  t h e  s u r f a c e  o f  c h r o m i t e
BY L I B E R A T I O N  OF ONE MOLECULE OF 1 ^ 0 .
An a l u m i n u m  r a t h e r  t h a n  a CHROMIUM c o m p l e x  i s  s a i d  t o  b e  f o r m e d
BECAUSE I T  SO HAPPENS THAT THE F L O T A T I O N  RECOVERY IS  D I R E C T L Y  PROPOR­
T I O N A L  TO THE A L U M IN U M  C O NT EN T ,  AND I N V E R S E L Y  P R O P O R T IO N A L TO THAT 






















p H 6 . 0
*  p H 4 . 0
p H 2 . 0
f 2 0  + 1 0  0  - 1 0  - 2 0  - 3 0  - 4 0  - 5 0
Z e t a  p o t e n t i a l  ( m v )
L A T I O N S H I P  BETWEEN F L O T A T I O N  RECOVERY ( $ )  AND ZETA  




















p H 6 . 0
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p H 4 . 0
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p H 2 . 0
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% AL UMI NUM E Q U I V A L E N T
22 23
ION RECOVERY AS A FUNCTION OF $  ALUMINUM EQUIVALENT




















p H 4 . 0
p H 2 . 0
49 51 53
> CR EQUI  VAL E NT
ION RECOVERY AS A FUNCTION OF $  CR EQU IVALENT IN
TESj  1 0 " 4  M SODIUM SULFONATE.
T 1 0 9 1 8 0
P o t a s s i u m  o l e a t e  a s  a c o l l e c t o r  f o r  c h r o m i t e
T h e  c o l l e c t i o n  m e c h a n i s m  o r  c h r o m i t e  b y  o l e a t e  i s  f a r  f r o m  b e i n g
C L E A R ,  B U T ,  FROM A NUMBER OF O B S E R V A T I O N S ,  C E R T A I N  CO NCLUSIO NS WERE 
DRAWN THAT HELP C L A R I F Y I N G  THE S I T U A T I O N .
T h e  GENERAL B E H A V IO R  OF F L O T A T I O N  IS  AS FOLLOWS!  NO F L O T A T I O N  
OCCURS BELOW PH 7 j  THEN THE RECOVERY CURVE R A I S E S  SHARPLY TO A F I R S T  
MAXIMUM AT PH 7 . 8 ,  AND DROPS TO A M I N I M U M  NEAR PH 9 ;  THE RECOVERY 
R A I S E S  A G A I N  TO A SECOND PEAK NEAR PH 1 0 . 5  AND DROPS TO 0 BEFORE 
PH 12 IS  RE AC HE D,  OR N E A R L Y .  THESE CURVES ARE SHOWN IN F I G .  2 2 - 2 9 .
T h r e e  m a i n  f e a t u r e s  c a n  b e  o u t l i n e d !
1 .  F l o t a t i o n  s t a r t s  a b r u p t l y  a t  pH 7 . 5 ,  w h i l e  b e l o w  t h i s  v a l u e  n o
RECOVERY IS  O B T A I N E D ;
2 .  T h e r e  a r e  t w o  d i s t i n c t  p H v a l u e s  a t  w h i c h  f l o t a t i o n  o c c u r s :  p H 7 . 8  
a n d  1 0 . 5 ;
3 .  F l o t a t i o n  r e c o v e r y  v a r i e s  w i d e l y  f r o m  1 0 $  t o  1 0 0 $  f r o m  o n e  c h r o m i t e
TO AN O T H ER ,  FOR THE SAME PH V A L U E S .
S o m e  a s p e c t s  o f  t h e s e  t h r e e  p o i n t s  w i l l  b e  m o r e  e a s i l y  u n d e r s t o o d
I F  I T  IS  F I R S T  DEMONSTRATED THAT OLEATE IS  CHEMI SORBED AT THE SURFACE 
OF C H R O M I T E .
C h E M I S O R P T I O N  OF OLEATE
S i n c e  f l o t a t i o n  o f  c h r o m i t e  w i t h  o l e a t e  o c c u r s  i n  a r e g i o n  o f  p H 
w h e r e  a l l  s u r f a c e s  a r e  n e g a t i v e ,  i t  i s  e v i d e n t  t h a t  t h e  a n i o n
C 1 7 ^*3 3 0 ( 0 ) 0 "  IS  NOT P H Y S I C A L L Y  ADS ORB ED .
Mo r e o v e r ,  t h e  i n f r a r e d  s p e c t r a  o f  c h r o m i t e  c o n d i t i o n e d  w i t h
T 1 0 9 1 81
P O T A S S I U M  OLEATE SHOW SOME AB S OR P T I O N PEAKS AT 1 6 1 5  CM’ 1 ,  1 6 3 0  CM* ,  
a n d  1 6 2 0  c m ” 1 ( F i g .  3 8 - 4 0 ) .  T h e s e  p e a k s  d o  n o t  a p p e a r  o n  t h e  s p e c t r u m
OF N O T - C O N D I T I O N E D  CHROMI TE ( F l G .  4 5 ) ,  BUT THEY DO APPEAR ON THE
i  ^  ^
SPECTRA OF AL UMI NUM OLEATE ( 1 6 1 5  CM~ ) ,  CHROMI UM OLEATE ( 1 6 2 0  CM~ ) ,
_ 1
AND MAGNESI UM OLEATE ( 1 6 3 0  CM ) WHI CH ARE SHOWN I N F l G .  4 1 - 4 4 .
I t  I S  THEREFORE CONCLUDED THAT THE OLEATE I ON OR P O T A S S I U M OLEATE  
MOLECULE REACT W I T H  THE SURFACE C A T I O N S  TO FORM A STABLE COMPOUND WHI CH  
I S  R E S P O N S I B L E  FOR F L O T A T I O N .
F l o t a t i o n  a t  p H 7 . 8
T h e  i n f r a r e d  s p e c t r u m  o f  c h r o m i t e  c o n d i t i o n e d  a t  p H 7 . 6  s h o w s  a n
A B S O R P T I O N  C H A R A C T E R I S T I C  OF AL UMI NUM O L E A T E .  THE ACCURACY OF THE GRAPH 
DOES NOT P E R M I T  TO D I F F E R E N T I A T E  W I T H  C E R T A I N T Y  BETWEEN 1 6 1 5  AND 
1 6 2 0  CM” 1 ,  THESE VALUES B E I N G  R E S P E C T I V E L Y  C H A R A C T E R I S T I C  OF ALUMI NUM  
AND CHROMI UM O L E A T E S .  N E V E R T H E L E S S ,  I T  MAY BE S A I D  THAT CHROMI UM OLEATE  
I S  NOT FORMED S I N C E  F L O T A T I O N  RECOVERY I S D I R E C T L Y  PROP ORT I ONAL  TO THE 
AL UMI NUM CONTENT AND I N V E R S E L Y  PROP ORT I ONAL  TO THE CHROMI UM C O NT E NT .
T h i s  i s  s h o w n  i n  F i g . 5 3  w h e r e  t h e  f l o t a t i o n  r e c o v e r y  i s  e x p r e s s e d
AS A F U N C T I O N  OF THE A L  AND CR C O NT E NT S ,  FOR D I F F E R E N T  VALUES OF PH .
THE DECREASE I N F L O A T A B I L I T Y  AT PH 8 CAN BE E X P L A I N E D  BY THE FACT
4>3
THAT THE CONC E NT RAT I ON OF AL  I ONS I N THE S O L U T I O N  BECOMES I N S U F F I C I E N T  
TO P R E C I P I T A T E  A L O L g j  T H I S  WAS CALCULATED I N A P P E N D I X  I I .
F l o t a t i o n  a t  p H 1 0 . 5
A t h i g h  p H,  m a g n e s i u m  o l e a t e  i s  f o r m e d  a t  t h e  c h r o m i t e  s u r f a c e :
T H I S  WAS OBSERVED FROM THE SPECTRUM OF CHROMI TE C O N D I T I O N E D  W I T H  KOL
T  1 0 9 1 8 2
AT pH 1 0 . 5 .  As  E X P E C T E D ,  A L S O ,  F L O T A T I O N  RECOVERY IS D I R E C T L Y  PROPOR­
T I O N A L  TO THE MAGNESIUM C O N T E N T .  T h  I S IS  SHOWN IN  F l G .  5 4 ,  WHERE THE 
$  RECOVERY IS EXPRESSED AS A F U N C T I O N  OF THE $  Mg IN THE C H R O M IT E S .
A g a i n ,  t h e  d e c r e a s e  i n  f l o a t a b s l i t y  a b o v e  p H 1 0 . 5  i s  d u e  t o  a n
+2
I N S U F F I C I E N T  CONC ENT RAT I ON OF MG I N S O L U T I O N TO FORM M gO L £  AT THE
S U R F A C E .  | T  WAS CA LC UL A T ED  IN A P P E N D I X  I I I  T H A T ,  AT PH 1 0 ,  A CONCENTRA-  
, - 2 . 8 0
T I O N  OF 10 M Mĝ  I S  RE Q UI RE D TO P R E C I P I T A T E  MgO L 2 ,  WHI L E  THE
- 2  74 + 2
E Q U I L I B R I U M  CONC E NT RAT I ON I S  10 M Mg . AT PH 1 1 ,  THE E Q U I L I B R I U M
+ 2 - 4 . 7 4
CO N C EN T R AT IO N  OF Mg  IS  1 0  N ,  AND THE CO NC ENT RAT ION  TO P R E C I P I T A T E
- 2  8 0
Mg OL ^  I S S T I L L  10”  * , S O  THAT MgOL. ,  CANNOT FORM.
A b s e n c e  o f  f l o t a t i o n  b e l o w  p H 7
T h e  f o l l o w i n g  h y p o t h e s i s  i s  p r o p o s e d  t o  e x p l a i n  w h y  no f l o t a t i o n  
o c c u r s  b e l o w  p H 7 .
C h r o m i t e  i s  s o l u b l e  i n  a c i d  s o l u t i o n s  s o m e  c a l c u l a t i o n s  o f  c h r o m i t e
S O L U B I L I T Y  WERE MADE AND THESE ARE SHOWN IN A P P E N D I X  V I .  WHEN THE F L O T A ­
T I O N  E X P E R IM E N T S  WERE MADE,  THE C O N D I T I O N I N G  T IM E  WAS KEPT AT 3  M I N  
WHIC H WAS TOO SHORT FOR THE E Q U I L I B R I U M  TO BE REA C HE D.  THUS THE 
SURFACE ATOMS KEPT D I S S O L V I N G ,  AND THE P R E C I P I T A T E D  O LE AT E S  COULD 
NOT FORM AT  THE S U R F A C E .
T h e n ,  a s  t h e  p H w a s  r a i s e d ,  t h e  c h r o m i t e  s o l u b i l i t y  d e c r e a s e d  t o
A P O I N T  SUCH THAT THE RATE OF D I S S O L U T I O N  OF THE SURFACE ATOMS PER­
M I T T E D  THE FOR MA TION  OF OLEATE MOLECULES AT THE SURFACE THAT RE M AI NED  
THERE LONG ENOUGH FOR F L O T A T I O N .  F l G .  55 IS  A S C H EM A TI C  R E P R E S E N T A T IO N  













































T  1 0 9 1 8 3




2 0 2 0
1 0 01 0 0
8 0 80
60
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2 0 2 0
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60
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2 0 20
1 0 0
8 0 8 0
6 0 60
4 0 4 0
2 0 -
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p H 7 . 8
p H 9 . 0
p H 1 0 . 0
p H 1 1 . 0
% E Q U I V A L E N T  CHROMI UM $  E Q U I V A L E N T  AL UMI NUM
F i g u r e  5 3 .  F l o t a t i o n  r e c o v e r y
AND ^
AS A FUNCTION OF $  CHROMIUM EQUIVALENT
ALUMINUM EQ UIVALEN T^ 10  M POTASSIUM OL EA TE.
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% E Q U I V A L E N T  MAGNESIUM
F i g u r e  5 4 *  F l o t a t i o n  r e c o v e r y  a s  a f u n c t i o n  o f  $  e q u i v a l e n t

































C h r o m i UM 
SURFACEA l u m i n u m  s u r f a c e
-10
121 12 3 108
S o l u t i o n  pH
F i g u r e  5 5 *  C a l c u l a t e d  c h r o m i t e  s o l u b i l i t y  a s  a  f u n c t i o n  o f  p H.
T  1 0 9 1
CONCLUSIONS
U p - g r a d i n g  o f  c h r o m i t e s
S o m e  r e s u l t s  w e r e  o b t a i n e d ,  i n  t h i s  s t u d y ,  t h a t  c a n  b e  a p p l i e d  
TO THE U P - G R A D I N G  OF CHROMITES2,
1 .  C h r o m i t e s  c a n  b e  s e p a r a t e d  a c c o r d i n g  t o  t h e i r  i r o n  a n d  m a g n e s i u m
CO NT E NT S ,  W I T H  AN A M I N E  F L O T A T I O N  IN B A S I C  C I R C U I T , ,  THE FLO AT E D PART 
IS  R I C H E R  IN IRON AND POORER IN  M AG NE S IU M .
2 .  C h r o m i t e s  c a n  b e  s e p a r a t e d  a c c o r d i n g  t o  t h e i r  a l u m i n u m  a n d  c h r o m i u m
C O N T E N T S ,  W I T H  A SULFO NAT E F L O T A T I O N  AT LOW PH. THE FLOATE D PART
IS R I C H E R  IN A LU M IN U M  AND POORER IN CHROMIUM.
3 .  C h r o m i t e s  c a n  b e  s e p a r a t e d  a c c o r d i n g  t o  t h e i r  a l u m i n u m  a n d  m a g n e s i u m
CONTENTS IN OLEAT E F L O T A T I O N ,  AT  PH GREATER THAN 7 .  THE FLOATE D PART 
IS  R I C H E R  IN  A L U M IN U M  AND M A G N E S I U M ,  AND POORER IN  CHROMIUM AND 
I RON.
M e c h a n i s m s  o f  c o l l e c t i o n
F o r  e a c h  o f  t h e  t h r e e  c o l l e c t o r s  u s e d ,  t h e  f l o a t a b i l i t y  a n d  t h e
C O M P O S I T I O N  OF CHROMITE WERE FOUND TO BE DEPENDENT UPON EACH O TH ER.
A l u m i n u m  a n d  m a g n e s i u m  o l e a t e s  w e r e  f o r m e d  a t  t h e  s u r f a c e  b y
C H E M I S O R P T I O N ,  SO THAT THE F L O A T A B I L I T Y  OF CHROMITE IN T H I S  CASE WAS
T  1 0 9 1 8 7
CONTROLLED BY THE R E S P E C T I V E  AMOUNTS OF THESE TWO METALS I N THE M I N E R A L .
I n  a c i d  p H, t h e  s u r f a c e  p o t e n t i a l  wa s  a  f u n c t i o n  o f  t h e  a l u m i n u m
C O N T E N T ,  SO THAT THE P H Y S I C A L  A D S O R P T I O N  OF SULFONATE WAS A F U N C T I O N  
OF THE AL UMI NUM CONT E NT .
I n b a s i c  p H, t h e  i r o n  c o n t e n t  c o n t r o l l e d  t h e  s u r f a c e  p o t e n t i a l ,
AND THUS D E T E R M I N E D  THE F L O A T A B I L I T Y  OF CHROMI TE W I T H  D O D E C Y L A M I N E ,
WHI CH WAS ALSO P H Y S I C A L L Y  ADSORBED.
T  1 0 9 1
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8 .  M i n e r a l s  Y e a r b o o k ,  1 9 6 4 ; U .  S .  D e p t .  I n t e r i o r ,  v .  I ,  p .  3 5 6 .
9 .  I b i d . ,  p .  3 5 2 , 3 5 3 .
1 0 .  T a g g a r t ,  A .  F . ,  1 9 5 6 ,  H a n d b o o k  o f  m i n e r a l  d r e s s i n g ;  New Y o r k ,  N.  Y . ,
J o h n  W i l e y  a n d  S o n s ,  I n c . ,  S e c . 2 ,  p .  2 3 .
1 1 .  G a u d i n ,  A .  M . ,  1 9 5 7 ,  F l o t a t i o n ;  New Y o r k ,  N.  Y . ,  Me G r a w - H i l l  B o o k
C o . ,  I n c . ,  p .  4 7 8 .
8 8
T  1 0 9 1 8 9
1 2 .  B a t t y ,  J .  V . ,  M i t c h e l l ,  T .  F . ,  H a v e n s ,  R „ ,  We l l s ,  R. R . ,  1 9 4 7 ,
BENEF IC I AT I ON OF CHROMI TE ORES FROM THE WESTERN U N I T E D  STATES?
U .  S .  B u r . M i n e s ,  R e f t . I n v e s t . ,  4 0 7 9 ,  p .  1 5 .
1 3 .  S a g h e e r ,  M . ,  1 9 6 6 ,  F l o t a t i o n  c h a r a c t e r i s t i c s  o f  c h r o m i t e  a n d
s e r p e n t i n e s  T r a n s . S o c . M i n . E n g i n e e r s ,  v . 2 3 5 ,  p .  6 0 - 6 7 .
1 4 .  B r a g g ,  W.  L .  ,  C l a r  i n g b u l l ,  G .  F .  ,  T a y l o r ,  W.  H 0 > 1 9 6 5 ,  C r y s t a l
STRUCTURES OF M I N E R A L S !  THE C R Y S T A L L I N E  STATES I T H A C A ,  N .  Y . ,
C o r n e l l  U n i v e r s i t y  P r e s s ,  v . SV, p . 1 0 3 .
1 5 .  R o m e i j n ,  F .  C . ,  1 9 5 3 ,  P h y s i c a l  a n d  so me  c r y s t a l l o g r a p h i c a l  p r o p e r ­
t i e s  OF SOME S P I N E L S ?  P H I L I P S  R E S .  R E P . ,  V .  8 ,  P .  3 0 6 .
1 6 .  C u l l i t y ,  B „  D . ,  1 9 5 6 ,  E l e m e n t s  o f  x - r a y  d i f f r a c t i o n s  R e a d i n g ,  M a s s . ,
A d d i s o n - W e s l e y  P u b l i s h i n g  C o . I n c . ,  p . 1 4 9 - 1 5 5 ,
1 7 .  F u e r s t e n a u ,  M. C . ,  1 9 6 4 ,  A n  e x p e r i m e n t a l  t e c h n i q u e  a n d  e q u i p m e n t
f o r  m i c r o - f l o t a t i o n  s t u d i e s ? E n g . M i n i n g  J o u r . ,  v . 1 6 5 ,
p .  1 0 8 .
1 8 .  W o o d ,  L. A „ ,  1 9 4 6 ,  A n  a n a l y s i s  o f  t h e  s t r e a m i n g  p o t e n t i a l  m e t h o d
o f  m e a s u r i n g  t h e  p o t e n t i a l  a t  t h e  i n t e r f a c e  b e t w e e n  s o l i d s
a n d  l i q u i d s ?  J o u r . A m .  C h e m .  S o c . ,  v .  6 8 ,  p .  4 3 2 - 4 3 7 .
1 9 .  G a u d t n ,  A .  M « ,  F u e r s t e n a u ,  A .  W „ ,  1 9 5 5 ,  Q u a r t z  f l o t a t i o n  w i t h
a n i o n i c  c o l l e c t o r s ?  T r a n s .  A m .  S n s t .  M i n i n g  E n g i n e e r s ,  
v .  2 0 2 ,  p .  6 7 - 6 8 .
2 0 .  P e c k ,  A .  S . ,  1 9 6 3 ,  I n f r a r e d  s t u d i e s  o f  o l e i c  a c i d  a n d  s o d i u m  o l e a t e
a d s o r p t i o n  o n  f l u o r i t e ,  b a r i t e ,  a n d  c a l c i t e ? U .  S .  D e p t . 
j n t e r i o r ,  B u r .  M i n e s ,  R e p t . I n v e s t . 6 2 0 2 , p . 3 .
2 1 .  G a u d i n ,  A .  M o ,  1 9 5 7 ,  F l o t a t i o n s  New Y o r k ,  N. Y . ,  Me G r a w - H i l l  B o o k
C o . ,  I nc. ,  p .  2 5 8 - 2 6 0 .
2 2 .  F u e r s t e n a u ,  M .  C . ,  M a r t i n ,  C .  C . ,  B h a p p u ,  R .  B „ ,  1 9 6 3 ,  T h e  r o l e  o f
h y d r o l y s i s  i n  s u l f o n a t e  f l o t a t i o n  o f  q u a r t z ? T r a n s . S o c .
M i n i n g  E n g i n e e r s ,  v .  2 2 6 ,  p . 4 4 9 - 4 5 4 .
2 3 .  F u e r s t e n a u ,  M .  C . ,  B h a p p u ,  R .  8 . ,  1 9 6 3 ,  S u l f o n a t e  f l o t a t i o n  o f
b e r y l s  T r a n s . A m . I n s t .  M i n i n g  M e t a l l . E n g i n e e r s ,  v .  2 2 6 ,  
p .  3 9 0 .
2 4 .  R a l s t o n ,  A .  W . ,  1 9 4 8 ,  F a t t y  a c i d s  a n d  t h e i r  d e r i v a t i v e s ;  New Y o r k ,
N .  Y « ,  J o h n  W i l e y  a n d  S o n s  I nc . ,  p . 3 7 8 .
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2 5 .  L a t i m e r ,  W.  M . ,  1952 , O x i d a t i o n  p o t e n t i a l s ?  E n g l e w o o d  C l i f f s ,  N .  J . ,
P r e n t i c e  H a l l  I n c . ,  s e c o n d  e d . ,  p .  2 8 1 .
2 6 .  Du R i e t z ,  C . ,  1958, P r o g r e s s  i n  m i n e r a l  d r e s s i n g s  S t o c k h o l m ,
A l m q v i s t  a n d  W i k s e l l ,  p .  4 2 8 .
2 7 .  B u t l e r ,  J .  N . ,  1964 , I o n i c  e q u i l i b r i u m s  R e a d i n g  M a s s . ,  A d d i s o n -
W e s l e y  C o . ,  I n c . ,  p .  2 8 7 .
2 8 .  I b i d . ,  p .  3 6 2 .
2 9 .  L a t i m e r ,  W. M . ,  1952 , O x i d a t i o n  p o t e n t i a l s s  E n g l e w o o d  C l i f f s ,  N. J . ,  
P r e n t i c e  H a l l  I n c . ,  s e c o n d  e d . ,  p .  2 4 8 .
T  1 0 9 1
A p p e n d i x  I .  O l e i c  a c i d  d i s s o c i a t i o n  a s  a f u n c t i o n  o f  p H . *
HQlaq- - - — n \ ] f ]  + [ o l ^  Ka=5 x 1 
JhOl] +  [ o l ^  =  10" 4 M
T a b l e  5 .  D i s s o c i a t i o n  o f  o l e i c  a c i d  i n  w a t e r  a s  a f u n c t i o n  o f  p H
p H LOG l _ 0 L l l
2 - 6 . 3 0
3 - 5 . 3 2
4 - 4 . 4 8
5 - 4 . 0 8
6 - 4 . 0 1
7 - 4 . 0 0
8 - 4 . 0 0
9 - 4 , 0 0
1 0 - 4 . 0 0
1 1 - 4 . 0 0
1 2 - 4 . 0 0
— i i i i i i i— i— i—
2 4 6 8 10 12
p H
- 4
F i g u r e  5 6 .  O l e a t e  i o n  c o n c e n t r a t i o n  a s  a f u n c t i o n  o f  pH; 10 M 
K O l  c o n c e n t r a t i o n .
91
f 5 ( 2 4 )
TOTAL
*  P o t a s s i u m  o l e a t e  c o m p l e t e l y  o i s s o c i a t e d  .
T  1 0 9 1 9 2
A p p e n d i x  I I .  S o l u b i l i t y  o f  A L ( 0 H ) g s  ( 2 5 ) ,  a n d  o f  A l O l ^  ( 2 6 )
A l O  l 0  ̂  ~s I A L  j HH 3 10  l
[C L '] +  [ ho l]  =  1 0 "4 M
K =  10
SP
2 5 . 5
[ u * 3  - i o 9 - 7 0  [ h ¥













1 ____1 1 0 ' 1 2 - 4 0  [ h *-
- 1
T h e  v a l u e s  l i s t e d  b e l o w ,  i n  T a b l e  6 ,  c o r r e s p o n d  t o  a n  a q u e o u s  e q u i l i ­
b r i u m  BETWEEN THE IONS AND T H E I R  S O L I D  H Y D R O X ID E *  | T  I S  ASSUMED THAT THE 
D I F F E R E N T  O X I D E S  IN THE CHROMITE BEHAVE I N D E P E N D E N T L Y .
T a b l e  6 . C a l c u l a t e d  a l u m i n u m  i o n  c o n c e n t r a t i o n s  i n  w a t e r  a t  e q u i l i b r i u m
W I T H  A l ( O H ) 0 s AND A l O L ^ .
pH
L o g  C m o l e s / l i t e r
......................... ...  "
+3
A l A l ( 0 H ) + 2 HgA lO^
T o t a l  A l
1 N
S O L U T 1 ON
AA l
R E Q U 1 RED 
TO
P R E C 1P 1 TATE 
A L O L 3
2 3 .7 0 0 .8 5 - 1 2 . 4 0 3 .7 0 -  6 .6 0
3 0 .7 0 -  1 .15 - 1 1 . 4 0 0.71 -  9 .54
4 -  2 . 3 0 -  3 .1 5 - 1 0 . 4 0 - 2 . 2 4 - 1 2 . 0 6
5 -  5 .3 0 -  5 .1 5 -  9 .4 0 - 4 . 9 2 - 1 3 . 2 6
6 -  8 .3 0 -  7 .1 5 -  8 .4 0 - 7 . 1 0 - 1 3 .4 7
7 - 1 1 . 3 0 -  9 .1 5 -  7 .4 0 - 7 . 3 9 - 1 3 . 5 0
8 - 1 4 . 3 0 - 1 1 . 1 5 -  6 .4 0 - 6 . 4 0 - 1 3 . 5 0
9 - 1 7 . 3 0 - 1 3 . 1 5 -  5 .4 0 - 5 . 4 0 - 1 3 . 5 0
10 - 2 0 . 3 0 - 1 5 . 1 5 - 4 .4 0 - 4 . 4 0 - 1 3 . 5 0
11 - 2 3 . 3 0 - 1 7 . 1 5 - 3 .4 0 - 3 . 4 0 - 1 3 . 5 0



































2 3 5 64 8 9 10 127 11
p H o f  s o l u t i o n
F i g u r e  57 .  S o l u b i l i t y  o f  a l u m i n u m  i o n s  i n  w a t e r  a s  a f u n c t i o n  
o f  p H.
T 1091 94
A p p e n d i x  t t l S o l u b i l i t y  o f  Mg(OH)2s ( 2 7 )  a n d  MgQl2s ( 2 6 ) .





=  1 . 8 2  x 10
17
2
[m g ( O H ) * =  6 . 9 0  x 10 ' H
T a b l e  7 .  C a l c u l a t e d  m a g n e s i u m  i o n  c o n c e n t r a t i o n s  i n  w a t e r
AT E Q U I L I B R I U M  W I T H  M g ( O H ) 2 s  AND M gO L £ s *
p H
L og C m o l e s / l i t e r
+ 2
Mg Mg ( O H ) *
T o t a l  Mg
l N
S O L U T I O N
K MMg
RE Q UI RE D
TO
P R E C 1 P I  TATE 
MGOLg
2 1 3 . 2 6 3 . 8 4 1 3 . 2 6 1 . 8 0
3 1 1 . 2 6 2 . 8 4 1 1 . 2 6 0 . 1 6
4 9 . 2 6 1 . 8 4 9 . 2 6 - 1 . 8 4
5 7 . 2 6 0 . 8 4 7 . 2 6 - 2 . 6 4
6 5 . 2 6 - 0 . 1 6 5 . 2 6 - 2 . 7 8
7 3 . 2 6 - 1 . 1 6 3 . 2 6 - 2 . 8 0
8 1 . 2 6 - 2 . 1 6 1 . 2 6 - 2 . 8 0
9 -  0 . 7 4 - 3 . 1 6 - 0 . 7 4 - 2 . 8 0
10 -  2 . 7 4 - 4 . 1 6 - 2 . 7 3 - 2 . 8 0
11 -  4 . 7 4 - 5 . 1 6 - 4 . 6 5 - 2 . 8 0
12 -  6 . 7 4 - 6 . 1 6 - 6 . 2 1 - 2 . 8 0
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=  101 1 .8 3
=  i o 8 - 0 1  w
(C r O ^  j 1 o' 1 6 , 0 5 [h+1 ' 1
T a b l e  8 . C a l c u l a t e d  c h r o m i u m  i o n  c o n c e n t r a t i o n s  i n  w a t e r
AT E Q U I L I B R I U M  W I T H  C r ( 0 H ) 3 s .
p H
L o g  C m o l e s / l i t e r
C r + 3 Cr ( 0 H )+2 CRO2
T o t a l
CHROM1UM
1 N
S O L U T I O N
2 5 . 8 3 4 . 0 1 - 1 4 . 0 5 5 . 8 4
3 2 . 8 3 2 . 0 1 - 1 3 . 0 5 2 . 8 9
4 -  0 . 1 7 0 . 0 1 - 1 2 . 0 5 0 . 2 3
5 -  3 . 1 7 -  1 . 9 9 - 1 1 . 0 5 -  1 . 9 6
6 -  6 . 1 7 -  3 . 9 9 - 1 0 . 0 5 -  3 . 9 9
7 -  9 . 1 7 -  5 . 9 9 -  9 . 0 5 -  5 . 9 9
8 - 1 2 . 1 7 -  7 . 9 9 -  8 . 0 5 -  7 . 7 2
9 - 1 5 . 1 7 -  9 . 9 9 -  7 . 0 5 -  7 . 0 5
1 0 - 1 8 . 1 7 - 1 1 . 9 9 -  6 . 0 5 -  6 . 0 5
1 1 - 2 1 . 1 7 - 1 3 . 9 9 -  5 . 0 5 -  5 . 0 5









































2 3 54 6 7 8 10 119
p H o f  s o l u t i o n
F i g u r e  5 8 .  S o l u b i l i t y  o f  c h r o m i u m  i o n s  i n  w a t e r  a s  a  f u n c t i o n  
o f  p H.
T 1091 9 7
A p p e n d i x  V .  S o l u b i l i t y  o f  F e ( 0 H ) £ s  ( 2 7 ) ,  a n d  F e O l £ S ( 2 6 )
F eOl„ _ ^ — ^  [ fe4^  +  2 [ o l 3  Ksp =  10~1 2 ' 4
•2s '
f r E+! =  H+  2
( f E ( 0 H ) 5  =  1 0
4 . 6
T a b l e  9 .  C a l c u l a t e d  f e r r o u s  i o n  c o n c e n t r a t i o n s  i n  w a t e r  a t
E Q U I L I B R I U M  W I T H  F e J O H ^  AND F e O L 2 s «


















2 . 9  
0 . 9  









T o t a l
F e
I N




2 . 9  
0 . 9
• 1 . 0 8  
• 0 *2
IT  +2F e
RE Q U l R E D  
TO
PRECI  PI  TATE
F e0 lo
0.20
- 1 . 7 6
- 3 . 4 4
- 4 . 2 4
- 4 . 3 8
- 4 . 4 0
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A p p e n d i x  V I .  S o l u b i l i t y  o r  c h r o m i t e .
I t  i s  a s s u m e d  t h a t  t h e  c h r o m i t e s  h a v e  t h e  s a m e  s o l u b i l i t y  a s  t h e i r  
p u r e  h y d r o x i d e s . T h e y  d i s s o l v e ,  t h o u g h ,  o n  a  c h r o m i t e  m o l e c u l e  b a s i s :
EACH CHRO MITE  MOLECULE MUST D I S S O L V E  T O T A L L Y ,  SO THAT THE S O L U B I L I T Y  OF 
THE MOLECULE IS  CONTROLLED BY THE LE A S T  SOLUBLE COMPONENT.
T h e  V A R I A T I O N S  IN  C O M P O S I T I O N  FROM ONE CHROMITE TO ANOTHER ARE 
NOT GREAT ENOUGH TO Y I E L D  A P P R E C I A B L Y  D I F F E R E N T  S O L U B I L I T Y  CU RV ES.
T h e r e f o r e ,  t h e  l a t t e r  h a v e  b e e n  c a l c u l a t e d  t a k i n g  c h r o m i t e  n o . 1 a s
R E P R E S E N T A T I V E  OF A L L  OTHER S P E C I M E N S .
C a l c u l a t i o n  o f  c h r o m i t e  s o l u b i l i t y  a s  a f u n c t i o n  o f  pH:
F o r  e a c h  o f t h e  f o u r  c a t i o n s ,  t h e  a m o u n t  o f  c h r o m i t e  c o r r e s p o n d i n g  
t o  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  h a s  b e e n  c a l c u l a t e d .  F o r  e x a m p l e ,  
a t  pH 5 ,  THE t o t a l  a m o u n t  o f  c h r o m i u m  t h a t  i s  i n  e q u i l i b r i u m  w i t h
1 QC
C r ( 0 H ) 3 S i s  e q u a l  t o  1 0 ”  * g m - a t o m / l i t e r .  To t h i s  a m o u n t  m u s t  
c o r r e s p o n d  i n  s o l u t i o n  a " c h r o m i t e  c o n t r a t i o n "  c a l c u l a t e d  a s  f o l l o w s :
- 1 . 9 6
C G M - A T O M / L I  TER =  1 0  G M -A T  C R / L I T E R  X 3  E Q U I V .  CR
_____________  G M -A T  CR
0 . 5 0 1  E Q U I V .  C r
MOLE CHROMITE
Log C =  - 1 . 1 8
T1091
A p p e n d i x  V I . ( C o n t ' d ) .
T a b l e  10.  C h r o m i t e  s o l u b i l i t y  a s  c a l c u l a t e d  f r o m  t h e  s o l u ­
b i l i t y  OF THE I N D I V I D U A L  HY DROX I DES  OF CHROMI TE NO.
p H
L o g  C m o l e s  c h r o m i t e / l i t e r
A l Cr F e M g
2 + 4 .9 3 + 6 .6 2 + 9 . 90 +14.45
3 +  1.94 + 3 .6 7 7. 90 12.45
4 - 1 .0 1 +1.01 5. 90 10.45
5 - 3 . 6 9 - 1 . 1 8 3. 90 8 .45
6 - 5 . 8 7 -3 .2 1 1.90 6 .45
7 - 6 . 1 6 - 5 . 2 1 0 .06 4 .45
8 - 5 . 1 7 - 6 . 9 4 -  oO 2 .4 5
9 - 4 . 1 7 - 6 . 2 7 0 .4 5
10 - 3 . 1 7 - 5 . 2 7 -  1.54
11 - 2 . 1 7 - 4 . 2 7 \
-  3 .4 6
12 - 1 . 1 7 - 3 . 2 7 -  5 .02
T  1 0 9 1 100
A p p e n d i x  V I I .  S o l u t i o n  c o m p o s i t i o n  a s  a f u n c t i o n  o f  c h r o m i t e  s o l u b i l i t y .  
T h e  c a l c u l a t i o n s  a r e  b a s e d  o n  t h e  c o m p o s i t i o n  o f  n o .  1 c h r o m i t e ;
THE RE SU LT S MAY BE CON SIDE RE D AS COMMON TO ALL C H R O M IT E S ,  S I N C E  THE 
C O M P O S I T I O N  V A R I A T I O N S  DO NOT A F F E C T  THE CO NC ENT RAT ION  CURVES*
AS CAN BE SEEN FROM A P P E N D I X  V i ,  THE CHROMITE S O L U B I L I T Y  IS  CON­
T RO LL E D AS f o l l o w s :
T he c o n c e n t r a t i o n  o f  a g i v e n  i o n  a t  a g i v e n  pH i s  d e p e n d e n t  u p o n  t h a t
OF THE C O N T R O L L IN G  I O N .  FOR E X A M P L E ,  JcR+ ^]bELOW PH 7 . 3  I S  CAL CU L AT ED
a s  f o l l o w s :
T h i s  c a l c u l a t i o n  i s  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  c h r o m i t e  d i s s o l v e s  a s  
a s  a  m o l e c u l e  o f  ( F e O , M g O ) ( C R 2 0 3 , A L 2 0 g ) • a n d  t h i s  i s  i n  g o o d  a g r e e m e n t  
W I T H  THE STRUCTURE OF THE U N I T  C E L L .
By Al b e l o w  pH 7 . 3 ;  
By Cr b e t w e e n  pH 7 .3  a n d  11.3  
By Mg a b o v e  pH 1 1 .3 .
A l X 3  e q u i v a l e n t s  A l  X 5 0 . 1 #  E Q U I V ,  C r  i n  s o l i d  
GM-ATOM A l ________
3  E Q U I V A L E N T S  CR X 1 7 . 8 #  E Q U I V .  A l  IN  S O L I D  
GM-ATOM CR
T  1 0 9 1 101
A p p e n d i x  V I I  ( C o n t ’ d ) .
T a b l e  11.  T o t a l  c a l c u l a t e d  c o n c e n t r a t i o n s  o f  A l ,  C r ,  Mg, 
a n d  F e i n  w a t e r  a t  s a t u r a t i o n  o f  t h e  r e s p e c t i v e
H Y D R O X I D E S .
pH
Log C m o l e s / l i t e r *
Al Cr Mg F e
2 3 .7 0 4 .1 5 3 .7 4 3 .9 0
3 0.71 1 .16 0 .7 5 0.91
4 - 2 . 8 4 - 1 . 7 9 » 2 .20 - 2 . 0 4
5 4 .9 2 4 .4 7 4 .8 8 4 .7 2
6 7 .1 0 6 .6 5 7 .0 6 6 .9 0
7 7 .3 9 6 .9 4 7 .3 5 7 .1 9
7 .3 7 .1 0 6 .6 5 7 .0 6 6 .9 0
8 8 .1 7 7 .7 2 8 .1 3 8 .3 8
9 7 .5 0 7 .0 5 7 .4 6 7.71
10 6 .5 0 6 .05 6 .4 6 6.71
11 5 .5 0 5 .0 5 5 .4 6 5.71
11.3 5 .2 5 4 .8 0 5 .2 6 5.51
12 6 .2 5 5 . 8 0 6.21 6 .05
*  T o t a l  c o n c e n t r a t i o n  o f  a g i v e n  a t o m  i n  t h e  s o l u t i o n .
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Ap p e n d ix  V I I « ( C o n t ’ d )
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